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Ðonaghy, David lart, Ph,D., The University of Manítoba,

0ctober L973. Zero tillage crop production in Manitoba.

Major Professor Ðr. E. H, Stobbe, Department of Plant

Science,

The influence of three years of zero tillage on weed

populations and crop response was studied at three loca-

tions in Southern Manitoba, The erops grown were wheat

(Triticum aestivum L,, cv. Manitou), barley (Hordeum

vulgare L,, cvr Conquest and cv. Paragon), flax (Linum

usitatíssimum 1., cvr Noral-ta), and rapeseed (Brassica na-

Æ. ],,.var, å!& Koch cv* Target and cv. Turret)- The

crops were sown using a triple disc drill system. The

weed growth at the tíne of seeding was controlled with
1r1'-dimethyl-4r&r-bipyridinium ion (paraquat) plus 6 r?-
dihydrodipyrido (Ir7-ar2'' r1'-c) pyrazinediium ion (diquat)

at 0,84 + 0,28 Ug/ha, with paraquat plus (2,4-dichlorophen-

oxy) acetic acid (2,4-D) ester at 0,84 + l-.LZ kg/na, and

with paraquat plus J, J-dlbromo-4-hydroxybenzonitrile
(bronoxynil) and ( (4-chloro-o-to1y1) oxy) acetic acid
(ucpa) at o,2B + 0,56 kglna,

Annua1 weed populations were lower under z.ero tillage
than under conventional ti11age., The species which were

reduced in number were Setaria viridis (fr. ) Beauv. (green

foxtail)rAvena fatu3, L. (wi1d oats)r. polygonum scabrum

Moench (green smartweed), and EgIyro convoLvulus L.
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(wild buckwheat). The perennial- weeds, Agropyron repens

(r,.) Beauv. (quack grass) and Cirsir+m arvens-e (L.) Scop.

(Canada thistle), presented problems under zero til1age.

Other herbicide treatments v¡hich resulted in good

weed control were paraquat at o'28 t<g/na applied in a

spray volume of 69 I/na, 2-sec-butyl-4,6-dinitrophenol

(dinoseb) at 4.48 and 8"97 l<{lna, and N-(phosphonornethyl)

glycine (glyphosate) at 0,56 xg/ha. Paraquat at 0.28

t<g/ha was more effective when applied in 69 L/na spray

volume than when applied in 138, 183, or 2l+3 t/na spray

volume, and was more effective when applied in the evening

than when applied in the morning, Dinoseb resulted in

excellent weed control at the time of sprayíng and gave

residual control of broad-leaved. vreedsr green foxtaif, and

wild oats, lVheat (cv. Neepawa), barley (cv. Conquest),

and. Avena $iE 1,. cv. Harmon (oats ) were tolerant to
dinoseb at 8"9? Ug/ha. Glyphosate at Q,56 kg/ha resulted

in weed control equivalent to control from paraquat plus

diquat at 0.84 + 0,28 t<g/ha.

More crop plants emerged under zero tillage, and these

plants grew more rapidly to produce a more vigorous crop

stand than the stand produced under conventional tillage.
At four and six weeks after emergence' the dry weight of

wheat grown under zero tillage was 2A0% of the dry weight

of wheat grown under cultivation, while the dry weight of

barley under zero tillage was 277/" and 20816 of dry weight

of barLey und.er cultivation, at l|, and 6 weeks respectively'
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The differences in vegetative growth betv¡een treatments de-

creased as the crops matured.

Root development was not restricted tmder zero tillage 
'

relative to conventional tillage. The only differences ob-

served indicated that root development was superior on the

z,ero tíIlage treatment.

Grain yíelds of r¡¡heat and barl-ey did not differ betv¡een

treatments except for barley at one location v¡here a nitrogen

d.eficiency lfas evident" Seed yields of flax and rapeseed

were higher under zero tiltage than under conventional tillage

in four of 15 instances. Yield component evaLuations indi-

cated that both seed size and the number of seeds produced

(number of fertife titlers and kernels/head for cereal crops )

could be altered by the tillage treatment. 7'ero tillage did

not have a consi-stent influence on any one of the yield com-

ponents under the conditions of this experiment.

Nitrogen fertility trials indícated that less soil

nitrogen vras available under zero ti11age, but addítional

nitrogen fertilizer was used more efficiently than under

conventional tillage, At high rates of nitrogen fertilizer

(101 to 269 kg/lna) crops grown under zero tillage outyielded

crops grovrn under conventional- tillage.

The study indicated that wheat, barley, fl-ax, and rape-

seed could be grown under zero tillage on three soil types

(very fine sandy Ioam, clay 1oam, and Red River clay) in

Manitoba, vrith a potential for yields greater than those

produced with conventional tillage.
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1.

INTRODUCTION

Man instigated the surging trend tor¡¡ards increased

soil manípulation when he first tilled the soil to produce

his crops. Satisfactory crops could not be produced with-

out tillage. Weed control and seed placement required at

least one tillage operation. The short term effect of

tillage appeared to be positive, and the art of tillage
became established as a necessity in crop production.

In the last two decades agronomists have questioned

the need for tilLager The negative effects of tillage
have accumulated (compaction, organic natter breakdown,

and erosion), Technology has evolved until weed control

and seed placement ean be accomplished without tilIage.
Consequently, a mínimum tillage trend has developed, Pl-ov¡-

p1ant, wheel-track plantingr row-zone, minimum, and zeto

tillage techniques have been introduced. These practíces

originated with corn productJ-on¡. some have spread to other

crops.

Zero tillage corn production has been accepted in
some areas of the United States, occasionally outyielding

conventional tillage production.. Successful corn produc-

tion suggests possibilities for other crops.

Advantages of zero tillage arei

L/ reduced labor and equipment requirements

ii/ reduced soil erosion

iii/ conservation of soil moisture

iv/ 'reduced weed populations



v/ reduced soil compactíon

vL/ potentialty higher yields

Tria1s vrere initiated in Manitoba to evaluate the

production of four crops under zero tillage conditions.

The objectives of these studies were to determine if zero

tillage production of four eommercíal crops in Manitoba

was technically feasible, to point out potential problems,

and to suggest possible z.eyo tillage management programs.

2.



3,

TITERATURE REVTEW

A,, Ti!.lage

Tillage has been considered a necessary operation in
most crop production systems, As more advanced machinery

was developed, tillage was intensified and diversified..

Considerable amounts of time and capital are involved with

tillage operations each yearr

a) purpose of t.illage

Individuals differ in their opinion regarding the

purpose of tillage. Larson (1962) stated that the main

purposes of tillage were to prepare the seedbed for fast

and accurate mechanical planting at the proper depth, to

prepare soil conditj-ons conducive to germination and emer-

gence of the crop, to prepare the soil for rapid infil-tra-
tion,. and to red.uee compaction" Ðonahue (L961) listed the

purposes of tí11age as improvement of the physical condition

of the soil, and control of weeds, diseases and insects'

Kuipers (L9?0) reported the two purposes of tillage as being

weed control and improvement of soil- structure' English

workers supported weed control- as the main purpose of tillage

while German workers contended that improvement of soil struc-

ture was the primary benefit from tillage (Kuipers L970),

Gill and Trouse (LgZZ) claimed that tillage should prepare

a seedbed and a rootbed for the crop.

b) tiflase svstems

Tillage practices can be grouped into three systemsr

i/ conventj-onaL tillage - A system characterized



by several tillage operations, generally

three or more, depending on the type of crop.

It is a system in which the number of opera-

tions is not reduced from that which farmers

have normally practiced in the past,

ií/ minimum tillage - A system in whÍch the number

of tillage operations is reduced from that of
conventional tillage, Generally the system

invol-ves only one or two tillage operations

per year, Specialized techniques in this
system include plow-plant, wheel-track

planting¡ row-zonê and stubble mulch tillage.
iii/ zero tillage (no-tillage or d.irect-drilled)

A system in which a crop is seeded into a

non-disturbed seedbed with a minimum of soil-
disturbancer. and chemical weed. control,, if
necessaryl

basis for tillaee

IL

c)

Tillage, although being an ancient practice' has a

weak basis, compared to other agrotechnical operations

(Darasel-ia 1968), Early anti-plough movements which coin-
cided with WorLd War I ( 1914-1918 ) and Vrrorl-d War II (t939-

l-9l+5) resuLted from a labour shortage, not scíentific
findings (Xuipers l-97O).

d) the beginning of reduced tillage
Russel-L Q945, cited

worker to report a direct
by Jeater L966)

drilling success

was the first
when he demonstrated



that crops could be grown from seed in undisturbed soil

providing weeds were contro]led. Cook et 4. Q953) showed

that tillage could be reduced since it was unnecessary to

work the soil more than necessary to allow accurate and

uniform planting, They poínted out that early results re-

garding the effect of tillage were obtained from soils high

i-n organic matter and from light, horse dravnr 5-mplements.

Van ouwerkerk (:-969) found greater conpaction on farms

using tractor dravrn implements than on farms where horse

drawn implements were used.

e ) zero ]ill?ge Zea IrgE L.

Reports of Successes with z,eÎo tillage are numerous,

Increased yields with no-tillage @. mays Lî have been

found by many workers (Moschler et al, L972, Blevins et a]'

L9?L, Lg?z, Shear and Moschler L969, Jones et al' L968,

tg6g' Triplett :1966, Moody gt aI. 1961). Fink et al, (1970)

reported. equivalent zea EgE !" yields under no-tillage.

Free et 4., QgØ) f ound deereased yields with no tillage '
f ) zero- til-lage cere+l croPs

van Keuren and Triplett (]-9?2) and wicks (L972) re-

ported i-ncreased yields of winter wheat under uero tillage

conditions, Jeater and McIlvenny (L965) found zero tillage

winter wheat yields to be inconsistent between tri-als'

Jeater ilg66) reported that the five year average yield for

zexo tillage winter wheat was higher than for tilled wheat.

Hood et a]." (l-.g64) found no yield differences between

no-t1I1age and ploughed winter wheat. Heinonen (1968)

5,



indicated that lower yields of winter wheat were produced

in the absence of tillage, and Wellings (1968) reported

lower yields of spring vrheat and barley under direct-

dri1ling,
Jeater and Mcfl-venny (1965) found no consistent dif-

ferences in the yield of spring sown barley. Jeater (t966)

found direct-drilled spring barley yields to be comparable

to tilled barley yields when nitrogen fertility was ade-

quate, Glabiszewski (tg6g) reported no yield reduction

with direct-drilLed oats and spring and winter wheat.

g) othe-r zero tillagg croPs

lüinter rape' a tap rooted crop/ responded poorly to

d.írect drilling (Bakermans and de Vrlit l-9?o' Heinonen L968,

Young Lg64), Another tap rooted crop, yellow lupin'

yielded poorly under no-tillage (Glabiszewski 1968).

Kincade (I9?2) reported that soybeans under no-tillage

and tillage produeed equivalent yields" Several fruit and

vegetable crops cou1d. be produced without tillage (Robinson

;964). Barrons and Fitzgerald. (1952) found that cornr soY-

beans, flax, and wheat coul-d be grown without tillage after

ladino clover' Suceessful pasture renovation without til--

lage has been reported (Woods L972r Van Keuren and Triplett

Lg?Z, Mc0l-ell-an and Baylor L972, Evans et al' L964, Kay

ry64,. Ross and Cocks 1964, Sprague 1952),

h) double cropping

Lewis (I9?2) stated that the standout feature of no-

tillage was the potential for double cropping. Examples of

6,



double cropping are cited in Table 2,I, Lewis (1972)

pointed out that the southeastern United States was the

area most suited to double cropping'

Table 2,I Double cropping systems under ze].o tillage in

the United States.

Winter CroP

oat-ryegrass-
crimson clover
mixture (graxing)

wheat

wheat

wheat-vetch
mixture (silage )

wheat or barley

wheat

Summer CroP

corn (sifage )

soybeans

grain sorghum

forage sorghum

sorghum or soYbeans

corn

(,

t)

zero tillage has achieved commercial acceptance

in some areas of the united states, especially for corn

and soybean production. No-tillage is practiced on a

third of a milfion acres, mostly in Kentucky.l

State

North Carol-ina

North Carolina,
0hio

North Carolina

North Caro]ina

North Carolína

Illinois, Ohio

1. Britannica librarY
Method of CroP Production,

States

Research Service The No-Till
1972,



a)

Zerotillagerequiresspecializedseedingequipment

forproperseed.placement..severalresearchersreported
problemswlthno-tillageseeding(BakermansanddeWit

l9?0, Baeumer irg?O, Wellings 1968' Heinonen 1968' and

Jeater and Mcltvenny Lg6il. Hood. g! al. (1964) found no

winter wheat yield differences between d'irect drilling

and plowing when the dished d'isc type coulter was used

for seeding direct drilled plots' Wellings (1968)

statedthatthetriplediscdrillwasthemostsuitable
typeofsystemfordirectdrílting'Barrettetal'(L9?2)
foundthattheAustralian''combinedril}',performedade-
quatelyfordirectdrillingofcerealcrops'Woods(L972)
reportedthatthetriplediscsystemwassatisfactoryfor
pasturerenovationrresultinginamini-mumofsoildistur-
bance,andthattwodrillscommerciallyavailableinCanada
produced. comParable results'

8.

b) wged control

Pre-seeding weed control has been a problem with zero

tillage'Russel}(:]g45,citedbyJeaterL966)elaimed
thatseedlingcropsweresensitj.vetoweedcompetition
but tolerant of a wide range of soil tilth conditíons '

HoodÉaI.(1g64)emphasized.thei.mportanceofthespray
treatment in direct drilling, stating that direct drilling

withoutweed'controlbeforecropemergeneewasnotsatis.

factory..Heinonen(rg6e)reporteddifficultiesarising



from seeding before weed emergence since emphasis on

selective weed control in the crop increased,

Perennial weeds presented problems for zero tillage
(Kincade I9??, Peters 1972, Will-iams and Ross 1970, Fink

et aI. Lg?ç, Brown Lg6B, Triplett L966, and Robinson L964),

Robinson (1964) and Brown (1968) recommended avoidance of

areas with perennial weed problems.

Atrazine at I ? Lb/A control-Ied annual broad-

leaved weeds but annual grasses such as crabgrass (Dieitaria

.gg3g!g!þ L. Scop and Digitaria isehaemum (Schreb. )

Muhl, ) and fall panicum (Panicum dichotomiflorum Michx. )

were difficult to control in no-títlage corn (Peters 1972),

Schwerdtle (f970) found that annual broad-leaved

v¡eeds decreased under direct seeding. Annual grasses

were varj-able in their response to tillage, He found

one instance where Avena fatua L. were reduced under

direct seeding. Schwerdtle's data indicated consistently

that perennial weeds, both grasses and broad-leaved weeds,

increased under direct seeding' Ðata from Schwerdtle

(fg?O) is summarized in Appendix F-l.
Schwerdtle (L970) found that Asropvron æ. L.

increased greatly over a three year period of direct

seeding. He found that Agropvron .æIæ. r' rhizomes l¡tere

closer to the soil surface in the absence of til]age.

Sanple data is presented in Appendix F'2, In corn'

schwerdtle (19?0) found that Bo xg/ha sodium salt of

TCA applied in the fal1 and. J kg/ha atrazine applied

9,



before ptanting gave 90% control- of Agr'opvron g.9I9E L'

This control was equivalent to control by plowing.

Toxins produced by Agropvron æjgæ L' were shown

to inhibit the growth of peas and wheat (Le Tourneau

and Heggeness ¡1g5?). ghman and Kommedahl (1960) for¡nd

that the growth of þ!!9ggg .g!!yg L' was reduced by

quack grass toxins.. Kommedahl et aI. (L959) stated

that alfalfa, flax, wheat, oats, and barley growth was

ínhibited by the quack grass decomposition products.'

Ohman and Kommedahl (1960) claimed that the quack grass

toxins could remain in the soil for at least one yeart

peters (tgZZ) claimed that under no-til1age ' seed

accumulated on the soil surface and resul-ted in more

seeds being available for germination, surface trash

reduced herbicide contact with the soil and weeds, and

high organic matter at the soiL surface reduced the

activity of soil applied herbicides.

Robínson (tg64) pointed out that in the absence of

tillage weed seeds would not be brought up to the germi-

nation zone and induced dormancy would resul-t because of

soil compacti-on. Roberts and Dawkins (L967 ) found that

the proportion of viable seeds giving rise to seedlings

decreased fron year to year on untilled plots' but the

number of viable seeds decreased faster when the soil

was disturbed.

Chancellor (:-964) tisteO three response categories

of weeds, according to the j-nf luence of cultivatj-on on

r0.
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germination. These were:

i/ arable response weeds - germination increased

when cultivation increased. eg' Raphanus

raphanistrum L., Viol-a arvensis Murr., and

Cerastíum vulgat9m L.

Li/ ínverse response weeds germinatíon decreased

when cultivation increased. eg. Taraxacum

officinale lVeber' 9¡4bg!!34 lÀli.gi.nosum L.'
Juncus !g@!5. L., and Sonchus as'per (L. ) Hill.

iii,/ intermediate response weeds - maximum germina-

tion with a few cultivations, eg" !g|þ!!gg
@, L., Polvgonum p.ersicaria L., Poa annua

L., and ggryþ vulgaris L.

The i-nverse response group would be favored under zero

tillage " Triplett and Lytle (1972) observed shifts in

annual weed populations under no-til1age.

Cussans (t966) stated that weeds with pronounced dor-

mancy, such as r¡¡ild. oats, are not favored by no-tillage

since the seeds are left unprotected on the soil surface.

The role of birds and smal-l mammals in the removal of wild

oats from the soil surface ís not small (Whybrew 1964),

The bipyridyl- herbicides' paraquat and díquat, have

been used for weed control in seed'oed preparation in many

countries of the worl-d. (Barrett et al. 1972). Since

j-ntroduction a decade â8or paraquat has been tested

extensively, alone and in combination, for no-tillage

weed control.



Triplett (f966) claimed that paraquat alone v¡as not

satísfactory for no-tillage Zea mays L. since some residuaL

control was necessary to prevent regrovrth of weed.s. He

proposed that the herbicide system be formulated to control
the vegetation present. In no-ti11age cereal production,

residual herbicides have presented tolerance problerns

(Phillips 1972, Whybrew 1968),

Paraquat has been tested at various application rates,
Jeater and McIlvenny (l-965) reported that 2 Lb/t was sig-
nificantly more effective than I Ib/A of paraquat. Jeater
and Laurie (1966) reported only slight differences between

the L and 2 lb/A rates. Reduced rates of paraquat have

been proven effective, Kincade (tgZZ) reported IA0% weed

control at 4 oz/e, of paraquat. Barrett et al-, (Ig?Z)

stated that satisfactory weed control was achieved with
paraquat plus diquat at 2 plus 2 oz/A applied in 10 gpa

(Imp) with 0.2/o vv Agral 60.

Appleby and Brenchley (1968) reported that germination

of legumes (Medicaeo s?tiva L. and Trifolium pratense L, )

on the soil- surface, sprayed with I Lb/A paraquat was not

affected but germination of seven forage grass species

(AgrostÍs tenuis Síbth., Avena saliva L., Brornus inermis

Leyss., DaçtvLis gl-omerata L,, Festuca arundinaeea Schreb.,

Festuca rubra L.1 and Phleuq pratense L. ) was reduced by

0-5 Lb/A paraquat, A 0,25 inch layer of soil was effective
in protecting the seeds from paraquat. Appleby and

Brenchley proposed that the seed may absorb paraquat from

t?.



the lemma and palea, and that grassy weeds may respond in

the same way as forage grass species.

Baird et aL. (I97I) suggested the possible use of a

new herbicide, N-(phosphononethyl) glycine (glyphosate)

for stale seedbeds and minimum tillage areas. Thj-s

herbicide has wide spectrum activity, translocates readily'

has a high degree of herbicidal- activity, and is non-

herbicidal when applied to mineral soil at norma] use

rates (Baird et al. Lg?I). Glyphosate (M0N-0468) pro-

vided control of Agr,opvron EP9E L', the optimum rate

being 1 Lb/A plus Q,5 Ib/A thirty days after the ínitial

treatment (Sprankle 9;[ 4. 1972),

c ) crop germiJration and emergenee

Germination and emergence luas unsatisfactory under

direct drilling in some instances, but this was attributed

to poor seed.ing equ5-pment (Jeater L966), Soybeans germi-

nated and emerged to a stand more rapidly under no-tillage

than under conventional tillage (rincade L972).

Heinonen (1968) reported that initial development of

rape wa5 poorer on zero tillage than on conventionaL til-

1age, Soon after emergence' no-till-age Zea 44yg L. was

growing faster and was darker in color than corn grown

on tilled soil (MoodY et al' L96I) '
d) root develoPment

Initial root development of cereal crops was ' in some

cases, reduced und.er direct drilling (Jeater 1968),

Glabiszevrski (fg68) found no differences in root grovrth

l-3,



of oats and wheat, but yellow lupin exhibited root inhibi-

tion. scharbau (1968) reported that roots of v¡heat and

barley explored the soi] more thoroughly, in both horizon-

tal and vertical directj-ons, but the tap root of rape did

not develop as weIl, and more surfaCe lateral- roots were

formed. Kupers and Ellen (19?0) attributed the restricted

root

the

e)

system of wheat to a eoncentration of nutríents in

surface soil and' to soil compaction'

Take all- (ophioþolus glaminis) and eyespot (cerco-

sporella herpotrichoides ) in wheat were reduced by direct

drillíng (scharbau L968, Schwerdtle l-97O), Hood et aI'

(W64) reported a lesser percentage of tillers infested

with take all under direct dritlíng. This decrease in

disease infestation was possibly due to a change in the

microcrimate v¡hich favored antagonistic organisms (Brooks

and Dawson 1P6B) '
Musick (19?O) warned that insects may present more

of a problem under no-tillage because of a more ideal

micro-environment, and. reduced efficiency of j-nsect

control measures.

't lt
-LY r

Higher rates of nitrogen fertilizer are required

under z,ero tillage (Blevins et a,1. 1972, Phillips L970,

Bakermans and de Wit Lg?g, Hej-nonen L968, and Jeater 1966)'

Greater leaching, mi-crobial tie üP, and potentially higher

yields would require additional nitrogen fertilizer



j-5.

(Phi1lips19?0).Restrictedrootd.evelopmentwouldincrease

nitrogen requirements (Jeater 1968)" Heinonen Q96B) sug-

gested that the additional nitrogen fertilizer may be re-

quired to offset the poor stand' development of rape '

Blevins et aI, (L9?2) claimed that the increased leaching

ofnitrogenurrderT,eÏ|otillagemayhavebeenresponsible
fort]reincreasednitrogenrequirement,relativetocon.'
ventional t illage. Additional nitrogen fertilizer woulcl

promoterapid.cropgrowthwhichv¡ouldhaveav¡eed-suppressing

effect (Bakermans and de Wit ::.970) '

At].owtevelsofnitrogenapplication'?'eroti}lage
yields v¡ere lower, but at higher levels ' zeto tillage

yields were eqrral to or greater than conventional yields

(Blevins g[ al. L9?2, Jeater J966) ' Wellings (1968)

showed that the response of wheat and barley to nitrogen

was similar under direct drilling and eonventional tillage 
'

vlhile Kupers and. El}en (19?o) found a decreased yie}d

responseford.irectdri]-ledwheat.TriplettandVanDoren
(:?69)forindthatno-tillagecornrespondedtohigher
levels of nitrogen fertilizer than did' conventional tillage

corno and suggested that this was due to water relations'

Chemicatsummerfallow,withgood'weedcontrol'àc-

cumulated more nitrate ni-trogen than did tiued summer-

fallow (wiolberg and Hay l-968) ' A combination of one

earlyti}lageoperationand.threeherbicid.etreatments
resulted in the greatest amount of nitrogen accumulation'

The substitution of one tillage treatment for a herbicide

treatment l-ater in the year resulted in the same amount



of nitrogen accumulation as was present under convention-

ally tilled summerfallow (four tillage operations)-

Arnott and Clenent (L966) found no difference in the rate

of mineralization of nitrogen between till-ed and chemical

summerfall-ow.. They attributed the difference in total
nitrogen build up to the nineralization process starting
earlier when the soil v¡as dísturbed.

Paraquat has not been shov¡n to produce signifieant
changes in nitrificatíon or microbial populations (Tu and

Bollen L)68a, 1968b), The use of paraquat to replace

tillage v¡ould not have a direct effect on nitrogen

fertility.
Bakermans and de Wit (L9?0) and MoschLer et al, Q969)

found a higher level of organic matter in the surfaee

layer of zero tillage soíI. More nitrogen and organíc

matter was reported under no-til-lage Zea UeË. L, (Moschler

et al* L9?2), In contrast, Oveson and Appleby (1970)

found l-ess accumulation of nitrogen in the absence of

tillage,
Tillage practices are knov¡n to reduce the soil organÍ-c

matter. Brown et al-. (L942) reported a loss of one fifth
to one third of the organic matter in a period of thirty
years. Poyser et aI. (1957 ) found a 27.Ç/o deerease in
organic carbon over a twenty-five year period of cropping

in Manitoba.

Shear and Moschler (1969) found that phosphorous

was more available with no-tiIlage and that potassÍ-um was

16,
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not affecteci. Under no-tiIlage, more frequent liming vias

required. Moschler et al" (1972) reported phosphorous

was used more efficiently by corn because of increased

soil- moisture on non-d.isturbed soil and Singh et al. (1966)

found an increase in the uptake of fertil-izer phosphorous

by corn ín the absence of tiIlâge.

Estes (tgZZ) reported that Ca, Mg, Zvt, Mo, B, and A1

concentrations in corn I eaf tissue was reduced under no-till

conditions, relative to cultivation, whj-}e K concentration

was increased and P, Fe, and I!1n did not differ between treat-

ments. lle attributed the Ca and Mg decreases to the K: Ca:

Mg interaction,
Belcher and Ragland (1972) found no differences ín P con-

tent of. Zea mays L. forage under no-till- conditions when P

fertilizer was broadcast, or v¡hen some P was banded and the

remainder was broadcast. They stated that increased soil mois-

ture, increased root growth in the surface soils, and decreased

contact between P and soil- may have increased P availability.
I^Iith zero tillage, phosphorous, potassium and organic

matter tended to concentrate in the surface layer of the soil

more than when soil vias til-l-ed (Bakermans and de Wit 1970),

Triplett and Van Doren (1969) obtained similar results with

phosphorous and potassium.

g) soil moisture

Improved soil moisture conditions under zero tillage,

relative to conventional tiIlage, have been claimed by

many workers. Lillard and Jones (L964) reported 0.3 inches



more moisture available in the top 6 inches of soil, and

O,? j-nches more moisture in the top 24 inches under no-

tillage than under conventional- tillage, Jones et al-.

Gg6g) found 0.0? to LZ inches more moisture in the root

zone with no tillage. Moody gi al, (I96'L) found more

moisture in the upper 18 inches of soíl with zeto tillage.

Blevins et aI. (Lgzt) foimd a greater ability to store

moisture, reduced evaporation, and a higher water content

from 0-60 cm, especially 0-B crtr v¡ith no difference be-

yond. 60 cm, for no-ti1lage corn. Moschler g[ aI' (1969)

indicated. better soil- moisture conditions under no-tiIlage.

Maximum water conservatj-on was achíeved v¡ith no-ti1lage

(Triplett et al, 1964). The additional- moisture present

under zero tillage permitted crops to tol-erate drought

conditions one to two weeks longer than tilled crops

(Shanholtz and Lillard' 1)6)).

Van Ouwerkerk and Boone (1970) suggested that capil-

lary transport of v¡ater was better with zero tillage than

with eonventional tillage. Infiltration of rain water

vras increased by tillage (Burvrell et aI' 1966) and by

straw mulches (Koshi and Fryrear L971, Barnes et aI. 1955,

Du1ey Lgjg). Mulches served to reduce evaporation (Koshi

and Fryrear I9?L, Buckman and Brady L969), Tillage which

produced an uneven micro-relief increased depressi-on

storage of water (Larson L96l+).

'ìR



c.

a) soil- compaction

Tillage, vrhich is used to prepare both seedbed and

rootbed, often prepares a good seedbed but results in a

less desirable rootbed (GilI and Trouse 1972).

Tillage generally decreases the bulk density of the

tillage zone, but the results vary with the equ5-pment.

Larson (t962) found that plowing reduced the bulk density

of the tillage zone from 1,þ to I,0 g/cc. Scherbakov

(19?O) found that plowing decreased the bulk density from

the IO-20 em depth but increased the bulk density from

the 0-10 cm depth. Roto-tilling reduced bulk density

from 1.1? to 1,09 g/"". At the 20 em depth, penetrometer

resistance was hígher after roto-til-ling than after
plovring. Burwell et aI. (1966) reported that plowing

decreased bulk density more than other tillage operati-ons.

CuLtivation had a small effect while rotovation had an

intermediate effect, Discing and harrowing increased

bulk densíty t¡¡hen carried out after plowing.

Tillage operations tend to form tillage pans and

traffic pans which restrict root growth. Tillage pans

have been noted by many workers (Bear l965, McÇracken and

Weed f9Ø, Hilgard 1910). Traffic pans have also been

reported (Donahue 196I, Bolton and Aylesworth 1959,

Baver 1956),

Donahue (lg6t) stated that in Connectieut' tilled

surface soí1s were 2.5 times more dense than v¡hen the forest

Effect of till-age on Ë-oi1 properties

19.



was first cleared. Cultivated soils vari-ed up to 40%

dependíng on management praetices.. Donahue (1965) pre-

sented data showing bulk density increases of 66 to Bz

,.IV/n3 from o-1 foot, of ?0 to 87 W/X3 from 1-2 feet,

and. ?? to gI ta/n3 from 2-3 feet. Thís increase was

attributed to compaction due to tillage and organic

matter breakdovrn,

At seeding, bulk density was I,sLl g/cc under no-

tillage and L,37 e/e" on tilled soil (l,il-l-ard and Jones

1964), Triplett et al. (1968) found bulk density vras

increased. in the 0.5 3,6 inch layer under no-tillage

corn. In contrast, Shear and MoschLer (1969) reported

no significant differences in bulk density betv¡een con-

ventional and no-tillage treatments.

b) soil structure

The detrimental effect of excessive and ímproper

tillage on soil- structure has been noted many times (Bear

1965, Larson 196?, Donahue I96L, Baver L956, Swanson et al.

Ig55, Beacher and Strickling L955, Mcçeorge and Breazeale

1938). Optimum soil moisture levels for improved structure

due to tillage are critical (swanson et aI. 1955, Russell

:-93B), and make timing of tillage operations difficult,

Plowing generally produced a better soil structure than

other tillage operations (Williams L935) with fal} plowing

being better than spring plowing (Flocker 1964).

c ) soil- temperature

Soil temperature can be influenced by tillage practices.

20,



Temperature at the 2 inch depth was l-ower under no-tillage

than under conventional tillage with the difference being

4 degrees Fahrenheit at the time of crop germination

(Lillard and. Jones 1964), Wicks (tgZZ) reported that the

stubble left on the surface by no-tiIlage reduced the soil
temperature and. consequently reduced tillering of winter

wheat. The effect of straw mulch decreasing soil tempera-

ture has been recognized (Moody et aI, 1963, Burrows and

Larson 1962), The mulch damps the temperature varÍ-ation,

having its greatest effect on daily maximum temperature

when plants are growing most actively (Buryows and Larson

1962),

Increasi-ng bulk density and soil moj-sture increases

the heat capacity of the soil, requiring more time for the

soil to warm up but also increasi-ng the time requíred for

it to cool down (Larson 1964),

Decreasing soil temperature has a detrimental- effect

on germinationr. root growth, plant development, soil- micro-

biological processes, and absorption and transport of

water and. nutrient ions (Buckman and Brady 1969),

d) erosion

Harrold et aI. (196? ) reported a forty-six fold reduc-

tion in soil- erosion v¡hen zero tillage was compared with

conventionaL tillage. V'Ioodruf f (LgZZ) indicated that

wind erosion is a dominant probtern in 55 million acres of

cropland in the United States' Specialized v¡ind erosion

eontrol- measures are needed for 66 percent of this land.

2T,



Soil erosion ís a major transport method for agricultural

chemical_s (Edwards L9?2), By reducing soil erosion to

almost zero, no-tillage offers a solution to soil trans-

port of agricultural chemícals as well as to pollution

from soil particles. Dust storms result in a much higher

concentration of particles in the air than is considered

tolerable for quality air (Woodruff 1972), Sediment

from soil erosion has been identified as the most serious

pollutant in terms of volume, in the United States (Harrold

rg72).

22,



MATERIAIS ANÐ METHODS

A. Locations and details

a) lgcations

Field experiments were established at three locations

in 1969 on land which had received no tillage since June

1968. The soil at Carman was a very fine sandy loam.

Portage 1a Prairie (Portage) was a elay loam and Sanford

was a Red Ri-ver cIay" Soil characteristics for Carman

and Sanford are presented in Appendix A-.2, Portage soil

texture characteristics are omitted because the site was

variable.

b) plot historv

The history of the Ca.rman and Portage sites prior to

1969 ís given in Appendix A-4. The Carman site had been

subjected to continuous cropping for at least six years

while the Portage site had been contínuously cropped for

nine years" At Sanfordr a cropping rotation of wheat-

oats-f1ax-summerfal-1ow was practiced. In L96B vrheat v¡as

produced on the si-te.

c ) precipitation and temPerature

Meteorological- data is presented in Appendix A-1.

This data was extracted from the Monthly Record Meteoro-

logical Observatj-ons of the Canada Ðepartment of Transport.

d) experimçntal design and treatments

23.

The experimentaf design was a

bLock with three treatments and six

location. The treatments included

randomized complete

replicates at each

a conventional tillage
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operation, and two %e3o tillage treatments, aS follows¡

i/ Zf I Pl-ots in this treatment received no ti1-

lage. Crops were drilled directly into

the stuloble and weed growth was control-

led wíth 0.84 l<e/ha paraquat plus O,2B x{ha

diquat, applied in 112 to 168 L/ha. of water,

prior to or immediately after seeding.

ii/ Z,T 2 ¡ This treatment was si-milar to ZT t except

that in 1969 and l970 a herbicide mixture

of 0.84 kg/ha paraquat plus I.I2 kg/ha

2r4-Ð ester was used. fn l97I the mixture

was replaced by 0 .28 U-g/ha paraquat

0,56 trg/na bromox¡rnil Ptus MCPA'

iLi/ Cult This treatment received conventional

lage operatíons' Appendix B-1 lists
tillage oPerations.

In L97I, quackgrass presented a severe problem at

portage, Tvro weeks prior to seeding, both zero tillage

treatments received. L,!? ug/na paraquat applied in 558

The cultivated. treatment received an additional tillage

operation.

Individual plots were 36.6 x 106.f meters (0"39 hectare)

at Carman and Sanford anö. 24.4 x 152.4 meters (0,3? hectare)

at portage, resulting in a total experimental a¡.ea of. 2L

hectares. Each plot was divided lengthwise ínto four equal

strips and the four crops (wheat, barley, flax and rapeseed)

were randomly assigned. A croppíng sequence of wheat-fl-ax-

plus

LI- J.

the

L/na,
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barley-rapeseed was followed.

e) seeding

Seeding was accomplished using a modified Kirschmann

double-disc press drill. The drill was equipped with semi

pneumatic packer wheels and heavy duty pressure springs.

For zero tillage plots a cutting disc 26 em in diameter

was attached to improve penetration. Figure ;.1 indicates

the triple disc arrangement. For flax and rapeseed, it

Figure 3.1 Triple disc drill assembly.

was possible to remove the cutting disc to reduce 80il

disturbance and still obtain adequate penetration, provided



that the soil was moist and trash l-evels were relatively
Iow. In L969 the drill was adjusted to seed rows with L5

cm spacing, In L970 and I97I' adiustments \¡¡ere made to

increase row spacing to 18 cm. This was done to improve

the trash elearance of the drill.
Seeding rates of 67, ?4, 9, and 45 xg/ha were used

for vlheat, barley, rapeseed, and flax respectively in

all years, High quality seed v¡as used in all instances.

Certified seed was used when available. Registered or

Foundation seed was used when necessary. Varieties grovn'l

are listed in Appendix B-3. When seed was not treated at

time of purchase, a dril-l box seed treatment was applied.

Lindasanl and Agrox n-^2 were used for rapeseed and. flax

respectively. Merga**" ,t-*3 rlrru.= used for wheat and barley.

f) fertiliFer
Fertilizer \¡Ias applied at rates recommended according

to soil test analysis carried out by the Provi-ncial- Soil

Testing Laboratory. Rates applied are given in Appendix

B-4. Phosphate fertilizer was dríLled with the seed.

When nitrogen requirements could not be met by drilling

fertilizer, additional- nitrogen was broadcast, either ín

a granular or liquid form.

26,

1, Drill box seed treatment containing I0/" captan and
3? ,5/, lindane (Green Cross Products ).

2. Drill box seed treatment containing maneb and
hexachlorobenzene (Chipman Chemicafs Ltd^, ).

3, Drill box seed treatment containing maneb and
lindañe (Chipman Chemícals Ltd. ).
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g) I¡¡eed control

Post emergence weed control was accomplished by using

recommended. herbicides (IVDA Guide to chemical v¡eed control-

1969, 1970, L97I), The same herbicides were used for all

three treatments, Herbicides used, rates, and dates of

application are presented in Appendix B-5, Mal-athion

5O/' EC at 0,45 \/ha was used f or control- of f lea beetl-es

i-n rapeseed as required,

h) trash

After data was recorded and experimental samples l¡¡ere

taken, the plots were harvested by the farm co-operator'

using commerci-al harvesting equipment' Wheatr barley,

and rapeseed trash was chopped and l-eft on the plots.

Fl-ax straw was removed from the plots and burned. In the

spring of Lg6g a very heavy stubble necessitated burning

before trial-s were initiated at Sanford.

The experimental plots previously described iryere used

to compare various aspects of zero and conventíonal tillage.

Samples and counts were taken randomly from the p1ots, with

subsamplíng as required-

a) wged Sounts

Vrteed population evaluations were made prior to post

emergent herbicide applicatíons. Due to time limitations

in the initial year, a rati.ng system was utilized (Table 3.1).

In the second and third years actual counts of weeds



present were recorded. Both ratings and counts of weeds

were based on an average of 4 to 5 subsamples (0,25 m2)

from each replication.

Table 3,I Rating scale used in first year of zero tillage

tríals (1969),

Rating

l_

2

Ita

t

28.

In May I9?I samples were taken to determíne the weed

seed population in the 0 - B cm layer of soil of zero

tillage (ZT 1) and normal tillage treatments. Five sub-

samples from within each crop replication were mixed and

equal portions (tv'¡o subsamples) were placed in plastic

dishes in the greenhouse. The air dry weights of the

soil samples were 300, 300' and )ZQ grams for Carman,

Portage, and Sanford respectively' lVatering and stirring

of Samples were carried out as required. Seedl-ing weeds

were counted and removed as soon aS they could be identi-

fied. The samples were gi-ven a six week cold treatment

([oC) thirteen months after sampling and were then returned

Phants/o,2J mz

1

6

11

T6

2Q

5

10

r5

20

+



to the greenhouse,

condition conducive

months.

b)

Counts of emerging crop plants were obtained by

counting the number of seedling plants in three adjacent

rows, each 0.J meters in length. Four subsamples were

taken from each replicatíon. The number of seeds de-

posited by the drill per meter of row was determined to

all-ow evaluation of percent emergence, Seed counts were

carried out at settings for 18 cm row spacings. Values

for LJ em rovl spacings were cal-culated from 18 cm spacing

values.

On June 28, I97I, all crops were sampled (one sample

per replicate ) to measure vegetati-ve dr¡r vreight under ZT I

and cultivation. The foliage of 0'J meter of row was

collected and dried for ?2 hours at BOoC and weighed.

In I9?2 one zero tillage and one conventional tillage
ptot at Carman were maintained to study changes in foliage

dry weight. Plots were managed in the same manner as

fertility trials (Carman A) which will be discussed l-ater.

Nitrogen fertilizer (3þ-0-0) was broadcast at a rate of

34 ke N/ha,

Foliage samples were taken on June I3, June 27, July

11, and July 24. Samples were taken by collecting the

foliage of 30 cm of row, with three replicatj-ons for each

treatment, Sampl-es were dried for ?? hours at BQoC and

The samples were maintained under

to germination for a total- of eighteen

tative

29,



weighed.

c) root development

Prelimínary studj-es were carried out in 1970 to

determine differences in root development between tillage

treatments. Pits were d.ug in the plots and the soil was

vrashed away from the roots with a gentle flow of water.

The root development was then evaluated.

In l97¡r âh 1l-,4 cm core samplerl was used to sample

each crop in each replication (Figure 3,2), Sampling

dates are presented in Table 3,2' At Carman, core samples

were taken from L5-30, 30-46, 46'6t, 6t'76, 76-91, and 9I-

108 cm depths. Roots were washed out using a pressurized

stream of water and. a 2 mm síeve. Root samples were oven

Table 3,2 Sanpling dates for d'etermination of root develop-

ment and soj-I moisture (I97l-),

30.

Location

Carman

Portage

Sanford

V,/heat

JuIy ö

July 21

Aug. I+

I, Constructed bY
Engineering, UniversitY

Barley

July B

July 21' 22

Aug, 4

Rape

July P

JuIy 22

Aug. 6

the Department of Agricultural
of Manitoba.

Flax

July 14

JuLy 2)

Aug. 6
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d.ried (BooC) and weighed, At the other sites, the cores

were sptit in half lengthwise and some soil was washed

away to allow evaluation of root development, The depth

to which two separate main roots coul-d be found in the

core r¡ras recorded as the depth of major root development.

Maxinum depth of d.evelopment was taken as the lowest

depth at which crop roots couLd be found. Photographs

were also uSed to record observations on root development.

d) soil moisture

Soil moisture contents were taken gravimetrically'

in conjunction with root sampling. Sampling depths were

15, 3Q, 46, 6I, and Pl cm.

e ) moist,ure stress

The relative plant moisture stress of wheat and barley

was measured in I97O and L97I using a pressure bomb de-

signed by lVaring and Cleary Q96? ) (Figure 3.3). The

method was developed by Scholander et al. (1965),

In I9?I, reIatj-ve turgidity of rapeseed and flax was

determined by weíghing a detached leaf, placing the leaf

in water untiL it reached saturation (4-6 hrs), and weigh-

ing again. The ratio of moisture content in the field to

saturation moisture content, multiplied by 100' yielded

relative turgidity (/'). The technique was similar to

that described by Barrs and. weatherly (tg6z) except that

whol-e leaves were used in place of leaf discs.

f) mPturity

visual_ examinatíon reveal-ed that zero tillage plots

32.
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were maturing earlier than conventional tillage plots. At

Carman and Sanford, in 1971, head samples of wheat and

barley from ZT 1 and cultivated treatments were taken

prior to maturity to determine moisture content. At

Portage. head samples of wheat were taken. Barley was

not sampled hut maturity differences were obtained by

measuring moisture content of harvested grain samples.

g) yield and yield components

Yield data was obtained by harvesting samples from

plots. Harvest techniques varied considerably. Appendix

C-2 indicates sample size and method of harvesting. In

1970 and 1971, a Hege 125 plot combine was used to harvest

most samples (Figure ).4). Data was not obtained for

Figure ).4 Hegs 125 plot combine.



Carman, I9?Q, due to hail on July 2J. Adverse weather

conditions resulted in severe shattering of rapeseed at

Sanford in I9?I and therefore yield results are not avail--

able. Bushel weight and kernel weight determinations were

conducted on all harvest samples. Tn 1970 and L97L mois-

ture content was determined. In L97L, kernels per head

data frorn ZT 1 and the cultivated treatment was recorded

for wheat and bar1eY.

Fertile tiLler counts were obtained for wheat and

barley, Fertile tiLlers in three adjacent 0'J meter rows

were counted, Four subsamples were taken from each repli-

eation, At Portage, Ln L969, data was recorded on the

basis of tillers Per Plant.

nJ

protej_n content (macro-Kjeldahl nitrogen) of wheat

and. barley samples from I9?O and 1971 was determined. 0i1

content of rape and flax seed lvas determined for samples

from L970,

i ) soil fertility
soil samples were submitted to the Provincial soil

Testing Laboratory for analysis of nitrogeh, phosphorous 
'

and. potassiun. samples were taken from Portage during

the last v¡eek of July 1969., In 1970, samples were taken

from all three locations during the last week of JuIy.

All four crops from zT L and the cul-tivated treatment

at Carman were sampled on May 10' L972'

35,

n and nt



C. Experimental procedures for chemical- seedbed trials

Trials were initiated in r9?z to evaluate herbi-
cides for control- of weeds prior to seeding.

Trial-s were conducted on a sand.y clay loam soil
at carman. Buckwheat had been grown on the plot areg^

in the previous year. Neepawa wheat was seeded into
stubble on May 21, at 6z xg/ha, using the Kirschmann

triple disc driLl adjusted for lB cm spacíngs. Fertilizer
(11-48-0) was dritled. at 53 xg/ha. Bromoxynil plus McpA

at 0,56 U.g/ha, in t34 t/na v¡ater, was applied on June Z

for selective weed control in the crop.

rndividual plots i¡/ere 2.7 x /.6 meters. Each treat-
ment had three replicates. Herbicides were a'oplied

using a 2 meter bicycle sprayer.

weed control ratings were taken on two dates, May Jl
and Juì-y 6. The rating system is outlíned in Table 3.3,
The weed population is descríbed in Table j,U, The

weed canopy was B L3 cm ín height at the time of
spraying.
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fable 3.3 Weed control ratíng system used in L972.

Rating

I
2

3

4

5

6

7

I

Verbal Ðescríption

as untreated

very poor

poor

unsatisfaetory
just satisfactory
satisfactory
good control

very good control

eompletely destroyed

Table 3,4 Weed species and numbers present in chemical

seedbed trials.

37.

wild oats

green foxtail
wild mustard

lambts quarters

red root pigweed

volunteer buckwheat

Speeies Plants/square meter

0

108

11

54

0

0

108

324

32

16z

32

32
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evaluation of several herbicides for chemical seedbeda)

preparation

Chemicals and rates

in Table 3,5. Chemicals

and, 2.48 trg/cmz pressure

sunrise.

Table 3,5 Chemícals and rates used for chemical seedbed

preparation.

used for this trial are indicated

were applied ín water at 138 L/ha

on May 28, Sive,hours after

check

paraquat + diquat

nitrofen
? ¡4-D amine

dícamba * 2 r4-P + mecoprop

bromox¡miL + MCPA

bromox¡miI + MCPA * paraquat

bromox¡rniI + MCPA f paraquat

amitrol-T

dinoseb

dinoseb

Treatment Rate (tç.e/na)

b) evaluation of low rates of Baraquat and paraquat-diquat

0,84 +

of early morning and late evening applícations of

paraqua!

0,,28

r.34

o. B¿t

0.56

0,56

0, 28

0. 1¿l

4. ¿|,B

1+,1+8

8,97

0,56

0.56

+

+
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Tab1e 3.6 índicates the herbicídes rates, and times of

application. All chemicals were applied i-n water at 243

L/na anö. 2.46 Ug/cm? pressure. T,ate evening applications

were made on May ?1, Morníng applications were made on

May 28, J hours after sunrise.

Table 3.6 Chemicals, rates and time of application for
chemical seedbed preparation.

Treatment

check

paraquat

paraquat

paraquat

paraquat

paraquat

paraquat

paraquat

paraquat

paraquat

paraquat

paraquat

paraquat

paraquat

paraquat

+ diquat 0,84 +

Rate (ue/na)

;

2.24

L.L2

0.56

o,42

0. 28

0. 14

Q.0?

0,28

0. l-&

0.1¿l

0.28

0. 14

0. 07

Time (AM or PM)

+

+

+

diquat

diquat

diquat

AM

AM

AM

AM

AM

AM

AM

AM

0,28

0,28

0.14

+

+

+

AM

AM

AM

PM

PM

PM
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c ) evaluation of effect of spray volume on qfficacv of

paraquat apPlied at low rates

Rates of paraquat and spray volumes are indicated in

Tabte 3,7. Treatments were applied 2 to 3 hours after
sunrise on May 28.

Table 3,7 Rates

chemical seedbed

Treatment (kg/na)

of paraquat and

preparation.

check

paraquat A.56

paraquat 0,56

paraquat 0.56

paraquat Q,56

paraquat 0.28

paraquat 0"28

paraquat 0.28

paraquat 0,28

spray volume used for

Spray Volume (I/ha)

d)

Table 3,8 indicates the treatments. A spray volume

of L38 L/ha was used. Pressure was set at 2,46 kg/cmz.

Treatments were applied on May 28, four hours after sunrise.

For the split applieation treatment, paraquat was applied

on June 1r PM.

MON 211o (elvphoqate) and low rates of paraquat

6g

138

183

243

6g

138

183

243



Table 3,8 Herbicides and rates applied for chemieal

seedbed preparation,

check

MoN 2139

MoN 2139

MoN 2139

MoN 2139

MoN 2139

MoN 2139

paraquat + diquat

paraquat

paraquat

paraquat

MON 2139 * paraquat
(spIit application)

Treatment Rate (x*/n:a)

41.

0.07

0.14

0.28

0.56

o. 8¿l

L,I2

0,28

0,56

0,28

0. 14

0, 14

D. Greenhouse trials

Greenhouse trials were initiated in the fal1 of L972

to obtain information to supplernent results of 1972 field
trials.

The effect of spray voLume and the addition of a sur-

factant (Agral 90) was evaluated under greenhouse conditions.

Pots containing weeds listed (nable 3,9) and in the stages

Índíeated (Tab1e 3.9) r¡Iere sprayed with the treatments

0.84 +

0.14 +
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indicated in Table 3.10. Treatments were rated one week

after application, usfng the same rating system as hras

used ín the field trials,

Table 3.9 Weed speeies and stages at time of spraying for
greenhouse paraquat trial.

Speci-es

green foxtaíl
wheat

wild oats

green smartweed

wild mustard

The resídual effect of dinoseb was evaluated by

planting green foxtail, wiJ.d oats, wheat and barley in lJ
cm diameter cans containing a soil mixture of three parts

loam, one part sand and one part peat. Green foxtail
(40 seeds per pot) was planted at a depth of !,J cm. Wheat,

and barley (6 seeds per pot), and wild oats (15 seeds per

pot) were planted at a depth of 3 cm. Two days after
planting, dinoseb at rates of 0, 4,48, 8,96 and. L7,92 kg/ha

ín 342 \/na spray volume was applied. Each treatment con-

tained 6 replicates arranged ín a conpl.etely randomized

desígn. Emerging plants were countecl. and dry weight of

foliage was determined three weeks after treatment.

3

3

Stage

5 leaf
leaf
Ieaf

cotyledon

cotyledon

-¿
;l

leaf

leaf
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lable 3.10 Treatments applied in greenhouse paraquat tri-al.

Formulation

eheck

aerial paraquat a

aerial paraquat

aerial paraquat

aerial paraquat

paraquat b

paraquat

paraquat

paraquat

paraquat

Agral
(%)

90

0.1

0.r
0.1

0.1

tn'?T,rl;l*n"

a FormuLation of paraquat contaíning no wetting
agent (Chipman Chemicals Ltd' ) '

b Formulation of paraquat containing wetting agent
(Chipman Chemicals Ltd. ) '

57

TzB

L7T

33L

57

T?B

l-7r

33l-

33r

A similar trial was conducted wíth tame oats (var.

Harmon), but only the check and 8.p6 t<g/ha rate were used.

A trial was conducted to determine the effect of, 2,4-D

amine and ester on the emergence of green foxtail on the

soil surface and at a depth of 1 cm. The effect of para-

quat on germination of green foxtaíl on the surface was

also evaluated.

Green foxtail seeds (ZO per 10 em diameter can) were

planted in a soil mixture of three parts loam and one part

^ìVrJ-



sand. For surface seeds, the soil was moistened and

tvrenty seeds were placed on the surface of the soi-l-.

Treatments indicated in Table 3'11 were applied in 171

t/na spray volume. Each treatment contained 10 repli-
cations.

Table 3,11 Treatments applied for evaluation of 2r4-D

and paraquat on emergence of green foxtai-l'

ru""rtifi, Denth

0

n

0

0

I
1

1

l+4.

The number

two weeks after

Herbicide and Rate
Ge/na)

check

2r4-D amine I,I2

2r4-D ester L,I2

paraquat I,L2

check

2r4-D amine I,I?

2 rt+.-D ester 1. 12

in Io72

Fertitity problems lvere apparent from large scale

trials. In 1972 nitrogen response trial-s for wheat, barley

and. rape were set out on plots from the three year large

of green foxtail seedlings was counted

herbicide application.



scale stud.y at Carman (Carman A). Ptots were 3 x B meters.

Two tillage treatments (zero and conventional-) and seven

rates of nitrogen (0, 34, 6?,101-, :-34, 2oz and' 26Ç xg/na)

rüere applied with three replications' A 1.J meter "Gandy"

fertilizer spreader '¡¡as calibrated for ammonium nitrate

fertilizer (34-0-0) and was used to apply the different

rates of nitrogêrlr For rates of 101 kg/ha and greater,

6Z kg/ha was applied at the time of seeding and the re-

mainder was applied tv'¡o weeks later.

Additional- trials with wheat and barley v/ere l-aid out

on a sandy clay loam soil at Carman (Carman B). The same

rates of nitrogen l¡¡ere applied to 3 x 6 meter plots with

five replicates for each treatment.

AlI treatments received 45 k'/ha Pzo5 (11-48-0 drilled

v¡ith seed),, The amount of nitrate nitrogen present to a

d.epth of 73 cm at the time of seeding is indicated in

Appendix A-3.. weed control treatments are indicated in

Appendix B-6, At maturity, yield samples were taken with

a Hege ].25 combj-ne. wheat and barley were straight com-

bined. Rape was cut and piled to dry before threshing

with the plot combine. Samples of vrheat and barl-ey were

analyzed for protein content.

F. Statistical analYsis

t+5,

Analysis of variance was conducted usíng a combina-

tion of an IBM 360 computer, âh Olivetti Undervrood Pro-

gramma 101, and. an electronic desk calcuLator.



The randomized eomplete bl-ock trials with no sub-

sampling \¡¡ere analyzed according to pages lJl+-I3| of

Steel and [orrie (f960). When subsampling was carried
out, data was analyzed according to pages LLI2-I45 of

Steel and Torrie (1960).

Nitrogen response trials vrere a split-plot design

¡¡¡ith tillagq being the mainplot factor and nitrogen

fertilizer being the subplots factor (pages 23?-24I,

Steel and Torrie 1960),

Greenhouse trials and vegetative dry weight develop-

ment (1972) were organized as a completely randomized

design and were analyzed accordingly (pages 101-105,

Steel and Torrie 1960).

For statistical- analysis, only the J/o Level was

considered meaningful.

+6.



RESULTS AND DISCUSSION

Comparísons between zero and conventionaL tillage
v/ere made over a three year period at three locations.
The factors studied were weed popuratíons, crop emergence,

root development, soil- moisture, yield, quality, soil
fertility, and chemical weed control-.

Soil physical properties data used to eval-uate the

crop response to the tillage treatments was obtained

by Pakaranodom (t972)..

Studies were conducted in the greenhouse to supple-

ment field data on weed control,
4.. ltleed. populati-ons

The results of v¡eed population studies are presented

in Tables Ål.1 to 4,2I, The v¡eed species which were pre-

sent are indicated ín Appendix D-2, The major weeds at
each location werer

i/ Carman - green foxtail, vrild oats, wild buck-

wheat, quack grass, and Canada Thistle.
ii/ Portage green foxtail, wild. oats and. quack

grass I

. iíi/ Sanford - green foxtail-, green smartweed, and.

dandelion.

All weed counts and ratings on the large scale trials
v¡ere based on an average of five subsamples per replica-
tion and six replications per treatment unless otherwise

indicated in the tables,

47.



a)

Total weed populations at the Carman location u¡ere

slightly reduced under zeîo tillage (3.7 and J.J ratings)

compared to the conventional treatment (5.1) (faUfe 4.1).

Control with paraquat-diquat (ZT 1) and with paraquat-

2,4-D ester (7'T 2) was similar. Green foxtail populations

did not differ between treatments (Table 4,2). Wild buck*

wheat populations, Table l+,3, $¡ere slíghtly higher on the

cuLtivated treatment (1.1 rating) tfran on the zero tillage
treatments (0,8),

At Sanford, the average total- weed populations were

lov¡er on the Z\ 2 treatment (5,6 rating) tnan on ZT I (6.4)

or cultivated treatments (6,6) (taore 4.t). The latter
two treatments did not appear to differ. Green foxtail
followed a pattern similar to the totaL weed populations

(Table 4,2) r âs did smartweed, (T¿b1e 4.¿l) which made up a

large proportion of the total v¡eed population.

Weed counts at Portage indicated no significant dif-
ferences. The v¡eed inf estation vras very heavy and variable

(Tables 4.5 to 4.8). Table 4.8 suggests that wil-d oats

were reduced under r"ero tillage, relati-ve to the cultivated

treatment.

The d.ata from CarûIârt and. Sanford indicated no dif-
ferences in weed populations between crops, The only

variable up to this time was crop competition which would

not be expected to have an infl-uence in the short time

period involved (5 v¡eeks). At Portage the differences

v¡eed populatj-ons in 106o

¿rR



between crops must have þeen due to the variability in

the location. No compari-sons betr¡¡een crops should be at-

ternpted in data for subsequent years from this location.

Table 4.1 Total weed popul-ations under zeto and conven-

tional tillage prior to post-emergent herbicide applica-

tion, 1969,

Location

Carman

Crop

49.

Wheat

Barley

Flax

Rape

Average

Wheat

Barley

Flax

Rape

Average

Sanf ord

Z\I
Ratine

3.+

l+.6

3.7

3,7

6,2

6,2

7,0

6.2

6,4

a Individual weed.s rated on a scale of 1 to 5. Total
weed population ratings are a summation of individual
weed rati-ngs 

"

ZT2

a, b

),)

3,0

4.1

3,7

3,5

5,7
<Á

5,9

).Õ

).o

Rating scheme: 1 = I-5, z = 6-Lg, 3 = 11-15, 4 = 16-
20, and 5 - 20* weeds per O,ZJ m¿' A summation of 7
indícates 3l-35 weeds p"" O.2J m2, No statistical
analysis was carried out on the ratings.

Cult

4,2
l, ¿+r)

6.?

5,0

5,7

6,nv.I

(,b

6.6
Arj



Table 4.2 Green foxtail populations under zero and

conventional tillage prior to post-emergent herbicide

application, 1969,

Location

Carman Wheat

BarleY

Fl-ax

Rape

Average

Crop

)U.

Sanford Wheat

Barley

FIax

RaPe

Average

ZTI

T,9

2.1

2,0

2.0

ZT2

2,0
tx¿¡v

1.8

1.7

1R

a See note a, Tabl-e 4,1-.

Cult

L,9

2,3

2,4

L,9

2,7

r lrJ¡,Y

r lrL.a

1.8

I,5
L.5

1.0

1.0

0.9

I. l-

1.0

1.4

1.3

1,5

r.5
1.4
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Table 4.J Wild buckwheat populatj-ons under zero and con-

ventional tillage prior to post-emergent herbici-de applí-

cation, Carman L969,

Crop

Wheat

Barley

Flax

Rape

Average

7,\ l

a See note a, Table 4,1"

TaþIe 4,t+ Smartweed a populations under zeto and conven-

tional tillage prior to post-emergent herbicide applica-

tion, Sanford, 1969,

0.9

0rB

l_,0

0.4

O,B

ZT2

o,g

0.8

0.8

0,5

0.8

Cult

Crop

1.1

1,3

L,2

0.8

1,1

Wheat

Barley

Flax

Rape

Average

ZT1

Primarily Pgfygonum scabrum Moench with some Pol-ygonum
persicaria L.

See note a, Table 4.1.

4,6

4,2

4.9

4,4
lJ

zT2

4. l-

4. o

4,2

4.0

Cul-t

4,7

4,5

4.4

4,5,

4,5



Table

tional
tion,

l+,5 Totaf weed

tillage prior
Portage 1969,

52.

populations under z'ero and conven-

to post-emergent herbicide applica-

Crop

Wheat

Barley

Flax

Rape

Average

7,r 1

a Based on an average of four replications per plot.

94

22t+

237

3t5

zLB

^

2ZT

Tabl-e 4,6 Wild buckv¡heat populations under zero and con-

ventionaL tíllage príor to post-emergent herbicide appli-

cation, Portage :'969,

74

zt+o

?03

32r

2]0

Cu1t

84

209

258

4oZ

240

tsD (. o5)

Crop

Wheat

Barley

Flax

Rape

Average

ns

ns

NS

NS

ns

ltleed Counts (per 0,25 mZ)

ZTI

2,0

1.8

2.3

0. ¿þ

'tAJ¡U

Based on an average of four replications per plot.

ZT2

2.2

2,+

L,2

L,6

1.8

Cult

2rL

^tlét*

3.3

2,3

2.5

LSD (.05)

NS

NS

NS

ns

ns



[able 4,7

ventional

plÍcation 
'

Green foxtail
tillage prior
Portage 1969,

53.

populations under zer.o and con-

to post-emergent herbicide aP-

Crop

Wheat

Barley

Flax

Rape

Average

lV.eed Counts ,a (Per O!?a m2\

Z,Tl Z'TZ Cult

a Based on an average of four replicatíons per plot.

7I
rob

185

233

L7T

Tabl-e 4,8 W1ld oat populations under zero and conventional-

tillage prior to post-emergent herbicide application,

Portage 1969,

¿ lt
)Lv

?06

]"69

243

168

45

186

2rt
282

r-Bl

LSD (.05)

Crop

Wheat

Barley

Flax

Rape

Average

NS

NS

NS

ns

ns

weed. oounts a (Beg- !-2á-!q1-

Z,T L

a Based. on an average of four replicati-ons per plot.

4.9

13,3

RNva ¿

7.7

8.6

zrz

2,2

LO,7

fl.3
L5,4

9"9

Cult

f 0.5

L3,6

24,9

22.4

r7.9

LSD (,05)

ns

NS

NS

NS

ns



b) weed populatíons i$ 1o70

In the second year, vleed counts were carried out at

all locations, and significant differenees Ìr¡ere found.

At Carman, total weed numbers in flax were lower

under cultivation (18'B) than Zf 2 (28'9) (Table l+.9),

zT L (??,3) was not different from the other two treat-

ments, Green foxtail was lower in cultivated flax (11'7)

than in zero tillage (19.8 and 23,2 for ZT l and 7'T 2

respectively) (Table 4.10) - The z,ero tillage treatments

did not differ from each other, Green foxtaif made up

a major part of the total weed population. vüild oats

followed the pattern whích was noted at Portage in the

first year (reduced under ze7o tillage ), but differences

u¡ere not significant (Ta¡le 4.11). Under zeto tillage'

wil-d buckv¡heat was reduced. in wheat (57%) and rape 63f')

at Carman, relative to cultivation (T¿ble 4,I2)' In

barley and flax i¡¡íld bucku¡heat differences were not

significant.
In flax and rape at Portage, total weed counts were

higher in the cultívated treatment than ín zero tillage

treatments (taote 4.9), Total weed counts in flax at Portage in-

dicated that only zT 2 (25,1+) vras different from the culti-

vation treatment (l+3 '3) . Green f oxtail v¡as higher under

cultivation than under z¿ero tillage in fl-ax and rape (Tab]e

4,10), Wíld oat counts $/ere similar to those taken in

D6g, where wild oats tended to be reduced under zeÏ"o ti1-

lage (T¿b1e 4.11)'

At Sanford, totat weed numbers in wheat and rape were

5t+,



Table 4.9 Total weed

tional tillage Prior
1970.

Location

populations under zeto and

to post-emergent herbícide

Carman Wheat

BarleY

F1ax

RaPe

Crop Weed Counts (Per 0..2( m2)

7,IL ZI 2 Cult

Portage Virheat

BarleY

FIax

RaPe

<A)).

conven-

applieation,

LLþ.5

l-5,2

22.3

l-3.9

16. B

19.1
iF

28,g

18.4

Sanford

Lg.6

16.3

18. B

r7,7

35.5

4j,r
35.9

35.go

rsD (.05)

Wheat

Barley

Flax

Rape

3r.5

33.L
t$

25,4

29,60

¿*

27.4

53,6

56,3
.å++9,9

NS

NS

6,8

NS

åf Different compared to the cultivated treatment.

48.6

68.3

4j, j

77,0

5r.5

56.6

59,3

7 5,2

ns

NS

L2,3

37,9

50.r

5]-,4

58. 0

7L+,7

13.7

ns

NS

L6,4



Table 4.10 Green

ventional tillage
cation, L970,

Location

foxtail
prior to

56,

populations under zeto and con-

post-emergent herbicide aPPli-

Carman Wheat

BarleY

Flax

RaPe

Crop Vrleed Counts (Per 0.2< m2 \

Zf I 7.!2 Cul-t

Portage Wheat

Barley

Flax

RaPe

4,9
R2

*
19. B

Ro

6,7

?,6
{+

23.2

13. B

Sanford

8.7

Aq

II,7
10.9

2L¡5

30,3

23.2

22,8*

rsD (.05)

Wheat

BarIey

Flax

Rape

19. 0

20. B

1g. 0+F

2Q,2#

ns

NS

/1
).L

NS

28.7

42. j
29,7

66.4

25.5

27,3

20,0
lÊ

3r.5

Different compared to the cultivated treatment.

11. B

26.7

20,5

rt+.3

NS

ns

8.2

35,8

L2,B

18.3

11. 3

L).5

NS

NS

NS

L5.6
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Tab}e 4.11 Wild oat populations under 7.eto and conven-

tional titlage prior to post-emergent herbicide applica-

tion, Carman and Portâgê, 1970.

Location

Carman Wheat

BarleY

Flax

RaPe

Crop Vüeed Countç ( per 0. 2 ( m2 \

7,I 1 ZTZ Cult

Portage

0,5

0,5

0..1

0. ¿+

Wheat

Barley

FIax

Rape

2.1

3.2

I,6
2,3

l-ower on Z\ 2 than on ZT 1 or cul-tÍvation (Table l*.9). The

paraquat-2rl4'-D ester mixture resulted in better control than

the paraquat-diquat mixture, Total weed couirts in flax at Portage

also suggested this fact (fable 4,9). Green foxtail cor:nts

in rape at sanford were higher on zT 1 (3L,5) than on the

other treatments (14.3 and 1J.J fot ZT 2 and cultivation

respectively) (ta¡fe 4,10),' Smartweed was the predominant

weed at this location' Counts were higher under cultivated

wheat and rape than under simíl-ar zero tillage crops

(Table 4.13),

0.9

r.5
1.8

r.6

LSD (.05)

2,6

2,8

g,I
R?

3,5

7,9

4.8

6,1

ns

ns

NS

NS

7,5

L?.3

11.3

7.4 NS



Table 4.Lz

ventional

plication,

hrild buckwheat

tillage prior to

Carman, L970,

Crop

58,

populatíons under zero and con-

post-emergent herbicide ap-

Wheat

Barley

Flax

Rape

Weed Counts (per 0.2< m2)

r+ Different compared to the cultiVêted treatment.

ZTl

2.6*

2.9

0.9
lf

I.)

Table 4.t3 Smartweed a populations under ?'ero and conven-

tíonal tillage príor to post-emergent herbicide applica-

tions, Sanford, I970,

ZT 2 Cult

åf
3.2

),Y

2,6
åt

T,5

6,Q

5.L

4,5

4.1

rsD (.05)

Crop

hrheat

Barley

Flax

Rape

I,9
ns

NS

2.I

Weed Counts. (per 0.2( m2)

ZTl- ZTZ Cult

a PrimariLy Polygonum seabrum Moench with some Polygonum
!@,L.

á$ Dífferent compared to the cultivated treatment.

åt
LL.2

19. 1

33,7

20.?o

{g
8.7

18. g

30,9

18,30

24,9

TB.2

37,9

38.3

LSD (.05)

8.2

ns

NS

7.8
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The data from lg?o indicated that tv¡o years of TJeTo

tillage had an effect on the weed population. Differences

between treatments did not consistently i"nvolve population

reductions under zero tillage. 0n the Red River cLay at

S¿nford, ZT 2, which contained 2r4-D ester, v¡as more

effective than ZT 1. This effect was less noticeable at

portage (c1ay loam) vrhile no effect was apparent on the

very fine sandy l-oam at Carman.

c)

During the third year differences in weed populations

indicated more consistent reductions than in the previous

yeàr, There were no instanges where weed counts were

lower on the cultívated treatment, than on zeto till-age'

in I97I,
At carman total weed. counts in flax and rape were

lower under both zero tillage treatrnents than r.lnder culti-

vation (Table lt..lþ). Green foxtaif followed the same

pattern as total weed counts (Tab1e 4,15), This species

constituted most of the total- weed population at the Carman

location. Wild oat counts were higher in cultivated flax

and rape than on uero tillage (Table 4.16)' 0n ZT 1,

average corrrts lvere 0.1 and 0,J wild oat plants/0,25 ^2 in

flax and rape respectively, whereas counts under cultiva-

tion were 3.g and i.5 pLants per 0,2J m2. 0n this basis,

wild oat control- in %ero tillage flax and rape was not

required. wil-d oat control was required on the cultivated

treatment. Due to some wild oat patches on 7'ero tiflage,



Table 4,Lt+

ventional
plicatÍ-on'

TotaI

tillage
T97L,

Location

weed populations under

prior to post-emergent

Carman Wheat

BarleY

Flax

RaPe

Crop

Portage Wheat

BarleY

Flax

RaPe

ZTI

z,ero and con-

herbicide ap-

L66

195
.åT
4g

åt

34

zT2

ou.

148

L24
l+

38
å$

37

Cult

Sanford Wheat

BarIeY

Flax

RaPe

246

1BB

191

r07

rsD (.05)

209

t+78

23r

99

L6z

437

L25

TI9

ns

NS

7L

26

l+ Different compared to the eultÍvated treatment.

213

259

141

226

30

31.
{t

20

30

22
le

25
t*

11

27

NS

ns

NS

4r

42

"R

34

NS

10

L5

ns



Table +.I5 Green

venti-onal tillage
cation, L97L,

Location

foxtaí1
prior to

Át

populations under zeto and con-

post-emergent herbieide aPPli-

Carman Wheat

BarleY

Flax

RaPe

Crop Weed Cor;nts (Per 0. 2 ( m2 \

ZTL ZI2 Cult

Portage lVheat

BarleY

FIax

RaPe

L61+

rRo

4BåT

:F

3I

L47

119
iF

35
i*

35

Sanford Wheat

BarleY

FIax

RaPe

240

L7B

184

97

LSD (.05)

1Bg

454

??0

B)

r52

404

LL5

L07

{+ Ðifferent eompared to the cultivated treatment.

ns

72

25

180

228

110

t95

7
ts

L2

10

2L

3
,*

9

7

1B

ns

NS

NS

NS

L7

I9

20

2T

11

6

NS

ns



lable 4,L6 hrild oat populations under

tional tillage prior to post æmergent

tions, Canman and Portâgê, L97L,

L,ocation

Carman Wheat

BarleY

Flax

RaPe

Crop

62,

zero and conven-

herbicide applica-

Weed Counts (Per 0,,2( m2\

ZTL ZTZ Cult

Portage

0.1

0.2
x

0.1
tË

0.3

Wheat

Barley

Flax

Rape

0,Ll

0.4

0. 6lÉ

o *6*

å3 Different compared to the cultivated treatment.

4.7

3,0

7,4

11. B

3.2

3.5

3,9

3.5

tsD (.05)

6,9

2,8

t+.5

L0.2

NS

NS

3,1

2.6

l"6,5

16. 0

L5.2

27 .Lv

11S

ns

ns

NS
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and to reduce variables between treatments, barban was

applied to all- treatments ' Dif f erences iuith wild buck-

wheat at Carman were found only in barley where higher

counts were obtained under cultivation (2,4 ) ttran under

zero tillage (0.6 and 0,4 for ZT 1 and ZT 2 respectively)

(Table 4,L7),

Total v¡eed counts at Portage indicated no differ-

ences between treatments (Table 4.1&), As ín previous

years, considerable variabílity existed at this site.

Green foxtail, the major weed in terms of number of plants'

followed the totaL weed couÏrt pattern (Table 4.L5), Wild

oat differences were not significant but in all- crops,

there was a tendency for counts to be higher on the cul-ti-

vated treatment than on zero tílIage treatments (Table

4,L6). Fígure 4.1 indicates the difference betvreen a

zero tillage and a cultivated plot.

At Sanford., total weed counts j-n barley and flax were

higher und.er cultivation, relative to nepo tillage (Table

4.f4). In barley, only the ZI 2 treatment was different

from cultivation, Green foxtail counts were higher under

cultivation than under zero tillage in both cereal crops

(Tab1e 4,;- 5), Smartweed counts were higher on the cultí-

vated treatment for all- crops (Table 4.IB). In flax,

7,r 2 (2,2) had a lower number of smartweed plants than

ZI 1 (¿l.1). In I97L, ZI 2 v¡as the paraquat-bromox¡rnil

and MCPA mixture.

Third year data indicated that some annual grasses



Tabl-e 4.L7 !\Iild buckwheat

ventional tillage Prior to

tïon, Carman L97L.

Crop

64.

populations under zeto and con-

post-emergent herbicide applica-

Wheat

BarIey

Flax

Rape

ZTL

Ðifferent compared to the cultivated treatment.

1.0

0.6#'

1.0

3.0

Table 4.18 Smartweed a populations under z,exo and conven-

tional tilJ-age prior to post-emergent herbicide appliea-

tion, Sanford, 197L.

ZT2

0.2

0.40

L.3

I,4

CuIt

1,3

2,4

1.8

L,6

LSD (.05)

Crop

Wheat

Barley

Flax

Rape

ns

L.7

NS

11S

Wqed Counts (Per 0.2(m2\

ZIL 7'TZ Cult

Primarily PoLygonum scabn¡m Moeneh ruith some Polygonum

!9-@L'
Different compared to the cultivated treatment.

3.60
å&

3,5
4t

4,1
*

3.4

*
4.5

åe

l+.9
åt

2.2
tí

2.2

L8,7

16.5

7.9

7,0

LSD (.05)

6,2

5,4

1.4

3,5



Figure 4.1 Flax at Portage indicating differences in wild

oat population in 1971. Left - cultivated; Right - zero

tillage.

and broad-leaved weeds were reduced under zero tillage.

Three years of zero tillage were sufficient to have a

relatively consistent influence on the weed population.

d) perennial weeds

Perennial weed species, Canada thistle, dandelion,

and quack grass, presented problems. Canada thistle and

dandelion were controlled in the crop with selective

herbicides. Dicamba, MCPA, and 2,4-D were used in cereals,

and MCPA was used in flax. A fall treatment of dicamba

was applied at Carman in 1969. In rapeseed, benazolin
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provided good suppression control of Canada thistle. The

strong competition of the rapeseed crop combined vrith the

grovrth retarding effect of benazolin on Canada thistle,
resul-ted in good controf .

Paraquat and strong crop cornpetition kept quack grass

in check. Quack grass was definitely the major weed pro-

blem. A herbicide which would be more effecti-ve on quack

grass v¡ou1d be a definite asset to zero tillage crop pro-

duction in Manitoba,

The perennial v¡eed infestation was patchy and weed

count data did not give a valid picture of the perennial

vreed populatS-on. Genera1 observations indicated that

both perennial broad-l-eaved weeds and grasses were in-
creasing under zero tillage. Quack grass patches became

more dense, but spread s1ovrly. The dense patches of

quack grass had a detrimental influence on the crop stand.

The increase in the density of quack grass patches

under zeyo tillage could possibly result ín increased

toxin production by decaying rhizomes. Also, if rhizomes

were concentrated in the surface layer of soil under

zero tillage, âs has been reported by Schrarerdtle (I970),

the concentration of toxins could be increased. The

toxin would be concentrated in the soil zone surrounding

the seedJ-ing crop, and critícal- l-evel-s of toxin coul-d be

reached.

e) weed seed populations

Soil samples vuere taken in May of the third year to
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determine weed seed populations in the top B cm of soi].

Tables 4.Ig to 4,2I índicate that no significant differ-

ences \¡rere obtained. If the number of replications had

been greater, significant differences mi-ght have been

obtained. S¿nford data showed a distinct trend. Also,

a longer time period would more effectively indicate the

i-nf luence of r,ero tillage on the weed seed populations.

At Carman, grasses tended to be present in lower

numbers in zero tillage wheat (14) and rape (6) than in

eultivated v¡heat (25) and rape tif) (Table 4,Lg). Broad-

l-eaved vreed numbers appeared higher in cultivated barley

and. flax than ín comparable zero tiltage crops. At

Portage r. the differences appeared to indicate fewer

weed seeds ín the cultivated treatment, but differences

were inconsistent (Tab]e 4,20), At Sanford, the tendency

was for more weed seeds to be present ín soil- from the

cultivated treatment than fron the z'ero tillage treat-

ments (taute 4,2l-),

f)

The resul_ts of this study are similar to the findings

of Schwerdtle (1970), Annual broad-leaved weed popula-

tions were reduced under zero til1age. Annual grasses

were not reduced to the same extent, whí1e perennial

r¡¡eed.s increased in the absence of tillage. Suack grass

stand density íncreased in both studies.

Green foxtail populatíons increased on zero tillage
in tr¡¡o instances in the second year (Carman flax and

Sanford rape ). This increase may have been due to seed

discussion of r¡¡eed studies



Tab1e 4,I9

May I97L, ât

Weed seedling

Carman*

Spec ies

Grasses Wheat

Barley

Flax

Rape

fì ¡f

emergence from soil samPles taken

Crop in

t97r

Broad-l-eaved
Weeds

Plants :^mpLe 
a

ZT 1 CuIt

14

1B

7

Wheat

Barley

Flax

Rape

Total Weeds Wheat

Barley

Flax

RaPe

25

r3

6

11

LSD (.05)

2

1

3

1

ns

NS

NS

ns

1

4

4

2

Based on two
treatment.

L6

Lg

10

7

NS

ns

NS

NS

replications per plot and six plots per

26

L7

10

I3

NS

NS

ns

NS



69,

Table 4,20 Weed seedling emergence from soil samples taken

May 19?1, ât Portage'

Spec ies

Grasses lVheat

BarIey

Flax

Rape

Crop in

agTt

Broad*leaved
Weeds

Plants ^mpfe a

7,f I Cult

22

I4

17

L7

Wheat

Barley

Flax

Rape

Total lVeeds \4lheat

Barley

Flax

Rape

2?

10

L2

l2

rsD (.05)

2

I
2

2

NS

ns

ns

NS

I
2

I

Based on two
treatment.

24

t)

18

L9

ns

NS

NS

NS

replications per plot and six plots per

22

11

14

T2

NS

NS

NS

NS



Table 4.2L

May I97I' ât

70,

Weed seedling emergence from soil samples taken

Sanfordi .

Species

Grasses Vüheat

Barley

Flax

Rape

Crop in
L97T

Broad +leaved
Weeds

P1ants/Sample a

7,f 1 Cult

11

B

B

L3

Wheat

Barley

Flax

Rape

Total lteeds hiheat

Barley

Flax

Rape

r5

2I

20

Lo

tsD (.05)

9

11

+

3

NS

NS

ns

ns

I7

t4

6

I

Based on two
treatment.

20

Lg

T2

16

NS

NS

ns

ns

replications per plot and six plots per

32

34

?\

24

NS

NS

NS

NS
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accumulation on the soil surface under zeto tíllage.
Green foxtaíI seed which remained in the surface soil
layer germinated extensively the spring following seed

production (over 9B/o of seeds sown germinated (Chepil

I9t+6)), Peters (1972) claimed that no tillage resulted

in seed accumulation on the soil surface and increased

the number of seeds available for germination.

The effect of paraquat on grass seed germination

which was noted by Appleby and Brenchley (1968)' may

have been effective in reducing green foxtail growth

und.er zero tillage. There were several instances where

green foxtail- numbers were lower on zeto tillage than

on cultivation. Green foxtail counts at Sanford in

I9?A indicated that 2'4-D ester may also have had an

effect on green foxtail gerrnination or emergenceÍ

The reduction of the annual weed populations under

zero tillage may have been due to weed seeds not being

brought up to the germination zone. Soil compaction

may have resulted in increased weed seed dormancy, Both

of these factors v¡ere proposed by Robinson (L961+),

Roberts and Dawkins (L96? ) found that the proportion

of viable seeds giving rise to seedlings decreased from

year to year under zero ti1lage, but the number of vi-

able seeds did not decrease as rapidly as when the soil

was cul-ti-vated. ]n this studyr ho differenees in the

viabLe seed population were foqnd after two years, but

fewer seedlings emerged under zeto tillage.
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The d.ecrease in the wil"d oat population under zero

tillage supported the findings of Cussans (f966) v'rho

found that seeds with pronounced dormancy, such as wild

oats, are reduced by no-tillage. It is possible that

paraquat had an effect on the exposed wild oat seed.

The arable and intermediate response weed groups

proposed by chancel-Ior (L964) would be expected to de-

crease under zero tillage, r,uhile the inverse response

group would be expected to j-ncrease in the absence of

tillage. very few of the specÍ-es grouped by chancellor

were present in these tríals. Lady's thumb (Polygonum

persicaria L, ) was in the intermediate response group.

Green smartweed (Polygonum scabrum Moench) could be

expected to respond similarily, This weed v¡as reduced

under zero tillage.'
0n the basis of these trials, green foxtail, wild

oats, wild buckwheat and green smartr¡¡eed should be placed

in the arable or intermediate response groups. These

species are problem weeds under Prairie conditions where

tillage is limited (generall:y 2-4 operations per year),

and therefore, would probably respond as intermediate

response weeds.

Under zero tillage conditi-ons, quack grass infestations

increased in density. This increase in stand density, plus

the potential toxin problem, indicate the importance of

controlling quack grass under zero tillage. The recom-

mendations of Robinson G964) and Brown (1968) to avoid
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areas with perennial weed infestatj-ons cannot be considered

as a solution to the quack grass problem. In Manitoba

trials, paraquat retard.ed quack grass growth and allov¡ed

the crop to beeome established'. A herbicide v¡hich could

be used for zepo tillage seedbed preparation, and which

woutd control quack grass ' would fit into a zey.o tillage

program. Glyphosate could be used since it controlled

annual weeds in a trial which will be discussed later'

and controll-ed quack grass in Manitoba trial-s (Stobbe

unpublished d.ata, University of Manitoba).

ltlhere 2rl4-D ester \¡ias used in combination with para-

quat, vreed control was less effective on the sandy soil

(carman), but more effectj-ve on the clay soil (sanford),

than a mixture of paraquat plus diquat' The addition of

diquat to paraquat appeared to give better post emergent

weed control than the addition of 2rl+'D ester to paraquat.

Two,4-Ð ester appeared to give some soil residual control

depending on the clay content of the soil'

The data from 1969 to l9?I indicated that during the

initial- years, zer.o tillage resulted in inconsistent de-

creases ín the annual weed population' As the tine period

increased, more consistent and pronounced differences

developed. Perennial weeds v¡ere a problem under zeto

tillage.
Paraquat at rates used in this experiment would not

make zero tillage commercially viabl-e, Alternate herbi-

cides or mixtures tested in Manitoba are dealt with in
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a subsequent section.

B. C,rgp.epe,z:gence

crop emergence counts were recorded during the three

year period.. Data j-s summarized in Tables 4,22 to 4.2J,

Row spacings were changed from l-5 cm in L969 to 18 cm j-n

Lg?o and 19?1. This change i-n rov¡ spacing accounted for

]ower emergence counts in ]-969 since the same seeding

rates (trg/na) were used each year' All emergence counts

are the average of four subsamples per replication and

six replications Per treatment'

The number of seeds in l.J meters of row are tabu-

lated in Appendix C-2 for evaluation of percent emergence.

The data indicated that emergence was significantly

different at only one location in the first year. At

Carman, wheat emergence (Table 4,22) was lower (L6%) on

zero tillage than on cul-tivation. Barley showed no

emergenee differences (Table 4,23), Fl-ax and rape emer-

gence was lower under ZT 2, paraquat plus 2r4-Ð ester,

than under ZT I or cultivation (Tabl-es 4,24 and 4'25),

In the second year, emergence on the cultivated

treatment was lower than on zeto tillage for al-l crops

and locations except one. Emergence of barley at Portage

did not differ betvreen treatments (Tabl-e 4,23), For

wheat and barley, the two zero tillage treatments did

not differ (Tables 4,22 and 4.23). Fl-ax and rape emer-

gence at sanford (Red River clay) was lower on ZT 2 than
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Table 4.ZZ Emergence of wheat (plants per 1.J m of row)

under zero and conventional tillage.

Year

L969 Carman

Portage

Sanford

Location

1970 Carman

Porta.ge

Sanford

Z\ 1 ZTz

Treatment

,,1É
4t+

60

t+z

I97I Carman

Portage

Sanford

åe

42

64

3B

CuIt

6o

6I

57

åf

le

l+

)L

62

4l

LSÐ (.05)

56

ol-

))

{3

i*

tä

Different eompared to the cultivated treatment.

65

65

)Õ

,s

*

6.5

NS

NS

t+g

52

45

67

64

(R

ls

:'f

tt /t+r)

l+.4

(l

)(
<o

5,8

4,4

ns
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Table \,Zj Emergence of barley (plants per l,J m of rovr)

under zero and conventional tiI1age.

Year

L969 Carman

Portage

Sanford

Location

l.970 Carman

Portage

Sanford

7,TL Z\2
Treatment

32

40

2B

:F
27

27
.tË

34

L97I Carman

Portage

Sanford

)¿

46

25

tå
27

26
l+

)5

Cult

33

41

2B

LSD (.05)

Different compared to the cultivated treatment.

5B

- ^rr5ó

70

ns

NS

ns

22

26

2B

58
åÊ

57

6g

2.9

NS

2,5

5r

4B

75

NS

4.0

NS
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Tarole t+,24 Emergence of flax (plants per 1.5 m of row)

und.er zero and conventional tillage.

Year

L969 Carman

Portage

Sanford

Location

1970 Carman

Portage

Sanford

ZTT ZT2

Treatment

95

87

75

t+
11B

tf
L32

IOB*

å+

v6
rgSn

161

I9?I Carman

Portage

Sanford

ll
73

Ar)vt

74

å$

Ltz
l3

L28,.

B5

r?60
*

I82^

144

CuLt

B6

106

76

LSD (.05)

Dífferent compared to the cultivated treatment'

l.2,4

NS

NS

R.)

9O

75

17 ,7

13,r

rf.3

77

tL5

L6t+

12,g

22,0

NS



Table 4,25 Emergence of rape (plants per 1.5 m of row)

under z,ero and eonventionaL tíllage.

Year

f969 Carman

Portage

Sanford

Location

l-970 Carman

Portage

Sanford

Z\T ZTz

Treatment

37

5I+

24

I97I Carman

Portage

Sanford

26#

4g

20

78,

Cul-t

le
Ll-

.ls
2+
,lf
t+g

34

4l
22

LSD (.05)

10

?O

34

å$

tf

Different compared to the cuLtivated treatment.

5B

-.*

)(

4,2

NS

NS

B

I6

33

54
.åÉ
+2

)v

I.9
3,5

6.0

!,o

36

56

NS

??

NS
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on Zl I, and not different from cultivation (Table 4,24),

In rape at Portage, differences existed between alL three

treatments, with cul-tivation (16) being less than zT 2

(20) which was less than Z\ I (24) (Tab1e 4.25),

The 2rt+-D effect (reduced emergence) was more pro-

nounced. on the heavy clay soil than on the clay l-oam

([able 4.25). ln I9?0, no effect was noticeab]-e on the

very fine sandy loam. Ir 1969, reduction of ZT 2 rape

at Carman was observed. A simíl-ar effect was noticed

in the weed poPulation data'

In the third year, wheat emergence was better under

zero tillage (ZT I and ZT 2) than under eultívation at

carman and Portâge, and not different at sanford (Table

4,ZZ), Barley emergence was 2L% lnigher under zero tiI-

lage, relative to conventional ti1lage, ât Portage (Table

4.Zj), No differences in barl-ey emergence were noted at

Carman and Sanford'

Flax emergence und.er z,ef"o tillage was better than

under cultivation at Carman and Portâgê, whi1e, ât Sanford,

no differences \¡vere present (Table 4,24). This was simi-

lar to wheat emergence in I97I. Rape emergence at Portage

was lower under cultivation (3,6) than under 7,f I (55) or

ZT Z (42) (Tabl_e 4.25). Rape emergence on ZT 2 was lower

than on ZT 1, even though Zrl+'D ester was not used in

Lg?I. Possibly, bromox¡rnil plus MCPA had some effect on

rape emergence.

The spring of Lp6) was abnormally vret. This prevented
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the moisture eonservation characteristic of zero tillage

from resulting in improved emergence, The moist soil

was disturbed by the triple disc drill. This was probably

the main reason why emergence percentage was relatively

low in the first Year'

Pakaranodom (I9?2), working on the salne trials 
'

found an increase in surface Soil moisture under zero

tillage. The effect of soil moisture on percent total

germinatj-on was noted only at water potentials of l-ess

than pf' 4,Jt (Owens 1952) ' Hov¡ever' under high soil

moi-sture conditions the rate of germinatíon increased

(Wittiams and Shaykev¡ich I9?I and Owens 7952), Low

soil moisture resulted in uneven germination (Wi11iams

and. Shaykev¡ich Ig?I and. Collis-George and Sands 1959),

pakaranodom (I9?2) found reduced soil aeration (air

fill-ed porosity, total porosity, and oxygen diffusion

rate) in the 0-8 cm layer of soíl, He stated that the

values for zero tillage were not below the reported criti-

cal values, The crop emergence data supported the fact

that aeration was not a l-imiting factor. Soil temperature

was not reduced. in this trial (Pakaranodom 1972) but

readings were not taken at or before time of seeding.

Fríesen and Bonnefoy (L973) found no temperature changes

resulting from falJ. tillage ín Manítoba.

The emergence data indicated an advantage for z,ero

tillage crop production. In wet years the increased

emergence may not be observed. Flax emergence respOnded
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most favorably to zero tillage. Rape emergence vlas

superiortmd.erzerotillage'Thecriticaldepthof
seeding, germination moj-sture content, and firm seedbed

requirement support the z,ero tillage treatment for these

crops.Thecereafshavealov¡ergerminationmoisture
content, are seeded deeper, and grow well in a loose

seedbed. However, emergence of sereals was still superior

und.er z"ero tillage '

The triple disc drill- system proved to be satis-

factory for Manitoba soils. some problems were encoun-

tered when the soil was moist.

The residual 2,4-D effect eliminated this mixture

even though weed control was frequently better on the

heavier soils, This aspect would not prevent its use

in cereal crop producti-on. The fact that the 2r4'D

effect was apparent on the lighter soil only in the first

year suggests that soil moisture has an influence on the

2rì+-D residue-soil texture interaction. soil moisture

data for L969 was not recorded'

C. Seedling growth and development

Zerotillagecropstandsappearedtobemoredense
than comparable cultivated crops' Dry weight determina-

tions were made in all crops on June 28, Ig?L, 6 weeks

after seeding (taUte 4.26), No crop showed differences

at al-I three locations lvhen sampled on this date ' Al-1

differences present indicated' greater dry weights on zero



Table 4,26 Seedling dry weight on June 28' L97L'

Crop

Wheat Carman

Portage

Sanf ord

Location Dry wt. (g .< m of row\ LSD (.05)

ZI I Cult

Barley Carman

Portage

Sanford

ås

23,0

10.9
.å+

14. 0

Flax Carman

Portage

Sanford

82.

14. 0

7,6

10.7

2l+.0

12.B
å$

27,9

Rape

27.6

l_0. 1

'to o

7.7

ns

2.7

Carman

Portage

Sanford

9,3

6,jo

? .1+o

Differentcomparedtothecu]-tivatedtreatment.

8.5

3,2

4.7

NS

rls

AR

20,9

g .40

a7 ,5

20.7

6,0

LO,5

ns

^A

0.6

NS

2,3

NS
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than on conventional tillage. Figure 4,2 shows zero and

conventional tillage wheat at 4 weeks after seeding.

InIg?2rtrials\¡¡ereconductedtodetermi-nedry
weight development of wheat, barley, and rape at two

week intervals after emergence. Resufts presented in

Tab1e 4,2? indicate greater early grovrth on 7.e*o tillage'

relative to cultivation, for all crops ' The cereal crops

exhibited greater di-fferences than did rapeseed.

Tabl-e t+,28 índ.ícates more plants emerging under

zero tillage for barley and rape. Wheat emergence was

simil-ar under both treatments.

calcu1ated individual plant weights (taote 4,29)

indicate that the cereal plants grolrtn under z'ero tillage

were larger than plants from the cultivated treatment'

Individ.ual plant weights f or rape shovred no dif ferences.

Rape is a crop where a reduced stand density is generally

compensated for by an increase in plant sj-ze. under zero

tillage, when the number of plants was increased, plant

size was maintained, resulting in an increased total

dry vreight. For barley, a eombination of increased plant

numbers and increased plant sj-ze resulted in the total

dry weight difference. wheat d.ifferences \¡/ere the result

of increased plant size, Barley exhibited the greatest

differences, based on zero tillage as a percent of culti-

vation, followed by wheat and then râpêi

Increased rate of growth for corn on 7'ero tillage has

been reported by Moody et al. (1961).' In contrast'
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Figure 4.2 Zero tillage (upper) and conventional tillage

(lower) wheat four weeks after seeding.



Table 4,27 Seedling dry vreight (g/Zo cm of row) under

,"rou and conventional- tillage at Carman, Ig?2.

Crop

Wheat

Vrleeks After

Emergence

2

t+

6

B

Barley

7,7

1, 1á$

6. oo
åT

25.5
.rf
40. B

x
),1

åT

L7,2
¡¿

38.9"
àç

49,6

-r*r.b
tÉ

10. 5

15. f
.åT

2+,2

R(

Cult

2

L+

6

B

Rape

0.6

3.0

L2,B

23,6

LSD (,05)

2

4

6

B

0,2

L,6
lrn
't tY

6,2

Q,7

6.?

LB.7

3I .2

Zero tillage plots in fourth year of zeso tillage
management.

Different compared to the cultivated treatment.

0.3

2,5

5,3

( r)

0.4

5,4

L6,3

L9.L

0.5

3.7

ns

).á



Table 4,28 Number of plants (pLants/J0 cm

zero a and conventional tillage at Carman,

Crop

Wheat

Weeks After

Emergence

Barley

l+

^/xhvvl

of row) under

1 01)

Rape

ZT

2

4

f3. 0

14 ,3

Cult

Zero tillage plots in fourth year of z,eto tillage
management.

Different compared to the cultivated treatment.

2

1+

11. 0

L3,7

L9.7

IL+,3

:F

fÉ

LSD (.05)

18,3

20.3

13. 0

TL,7

It

tç

n,s

NS

l_0. 0

7,7

4.4

?,I

6.3

o¿,



Table 4.29 Plant

ventional tillage

Crop

weight (g/plant) under z"ero

at Carman, 1972,

Wheat

ltleeks After

Emergence

Barley

2

4

Rape

R,7vf a

a ã.no con-

7.7

2

Ll

0. 09

0,42

àg

åt

Cul-t

Zero tillage plots in fourth year of zero tillage
management.

Ðifferent compared to the cultivated treatment'

2

4

0,L6

L.20

0 .05

0.22

åÈ

áf

LSD (.05)

0, 06

Q,52

0,09

0. 51

,Q2

.10

0. 0¿l

o.69

.03

.33

NS

NS



Heinonen (L968) rePorted

on z,ero tillage.

Preliminary studies Ln 19?O indicated that root develop-

ment was not inhibited under l'ero tillage. Detailed studies

were conducted in the third Yearr

Root weights from carman samples axe presented in

Tables 4,30 and 4..3f . The only difference was for rape

where more roots were present from 6t-?6 cm under 7'ego til--

lage than under conventional tillage. The general trend

was for root weights to be higher under ?'ero tillage but

differences were not significant. At carman root develop-

ment was not inhibited by zero tillage '

Barley at sanford exhibited 5 cm greater root penetra-

tion under ze:ylo tillage (Table 4.32), At Portage and

sanford a trend towards greater root development occurred

under zero tillage wheat, flax, and rape but differences

were not significant. At Portage¡ barley roots tended to

penetrate better on the cultivated treatment (90 cm) than

on zelo tillage (86 cm).

At Portage, some rape root samples from the cultivated

treatment contained tap roots which turned horizontally

when an apparently eompacted soil- layer was encountered.

This is illustrated. in Figure 4,3, Under zero tillage'

no such root samples v¡ere obtained. This suggested that

a tillage pan existed under cultivation, but by the third year

BB.

poor initial develoPment of rape



Table 4.30 Root vreights

conventional tillage at

Crop

Wheat 7.5 30

30 t+6

46 6t

6t ?6

76 9r

91 108

Total

89,

of wheat and barleY under TJero and

Carman, July B, L97L.

Depth (cm) Root ltreieht (e,/toz cmZ)

ZI I Cult

Barley 15 30

30 46

46 6t

6t ?6

76 9r

9t 1oB

Total-

0. r13

o.067

0.070

0. 051

0. 028

0. 0ll
o. 340

0"101

0. 068

0. 046

Q ,034

o. 016

0. 007

0.272

LSD (.05)

NS

NS

NS

NS

NS

NS

NS

0,L63

o. 078

0 ,056

o .036

0 .023

0. 010

0,365

0,L73

Q.T39

0. 091

0. 041

0. 020

0. 007

0,470

NS

ì'ì (t

NS

NS

NS

ns

NS



Table 4.31 Root weights of rape (July

under zero and. conventional tillage at

Crop

Rape 15 30

30 Lv6

46 6r

6t 76

76 9r

91 1oB

fotal

Depth (cm) Ro-ot Weisht (g 02 cm2\

90,

g) and flax (,fufY f4)

Carman, L972.

ZTI

Flax L5 30

30 - Lt6

Lt'6 6t

6t ?6

76 9L

9r - lo8

Total

0.I04

0 ,072

0. 071
x

0. 041

0 ,033

o. 009

0.329

Cult

0, 10r+

a,079

0,042

0.022

0. 012

0. 002

0,260

rsD (.05)

ns

ns

NS

.018

NS

NS

NS

0. 111

0"084

0 .077

0. 046

0,024

0. 008

o.3t+9

Different comPared to the

o,]-56

o,071

a ,047

0,029

0. 010

0. 008

0,32Q

NS

NS

NS

NS

NS

NS

NS

cuttivated t::eatment.



Tab1e 4,32 Root penetration under zero and

tillage at Portage (.fufy 2L-23) and Sanford

L972,

Location

Portage

Crop

Wheat

BarIey

Rape

Flax

^17L'

conventional
, t. / \(Augus'6 +-o /

Sanford Wheat

Barley

Rape

FIax

Penetration (cry)

7"T L Cult

B6

B6

97

B2

79

90

BB

79

LSD (.05)

Different compared to the cultivated treatment.

99
+e

95

100

96

NS

NS

NS

NS

86

90

9I+

ô1
>J-

NS

l+,3

NS

ns
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gf zero ti11age, the resistance to rooting presented by
I

this tillage pan had decreased.

¡ When core samples $/ere taken at all three locations,
!

it was apparent that the tillage pan which was present

in cultivated plots was l-ess prominent on zero tillage
plots. This fact was not reported by Pakaranodom (1972)

who worked on the same trials. He reported a higher

soíl- strength under z,ero tillage.
Root development was not restricted under zero til-

lage at any location or v¡ith any crop, It appeared that

root penetration was slightly superior under zero tillage
than under cultivation.

E, Soil moi-sture

Soil- moisture samples were taken in conjunction with

root development samples at all l-ocations, Soí1 moisture

in the upper lJ cm of soil i-n these trials was determined

by Pakaranodom (L972). At Oarman in 1,97I, Pakaranodom

(1972) found a greater moísture content (% of dry weight)

in the 0-B cm layer under zero tillage than r.inder conven-

tional tiIlage, when growing season averages were considered.

The first measurement v¡as taken on July B. The largest

differences would be expected early in the growing season.

Also, moisture content differences in thís layer would

exert their greatest influence on the germination and

seedling growth stages.

Pakaranodom (Ig?2) stated that although only one
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significant difference l¡¡as found at Carman during the two

years, I97Q and 1971-, soil moisture ín the 0-15 cm layer

tended to be greater under zero tillage, At Portage,

moisture content tended to be higher under zero tillage
in L970 and higher under cultivation in I97I, whÍ-le at

Sanford soil moisture tended to be higher under zero

tillage in both years (Pakaranodom L972),

Pakaranodom (L972) concluded that soil moisture was

higher under z,ero tillage, relati-ve to conventional til-
1age. However, his data vras limited to the surface soil-

and excluded early season data. The influence of moisture

from this zor'e would be greatest at the time of seeding

and seedling growth" Rootbed moisture woul-d exert a

greater influence as crop growth progressed.

Tables 4,33 and 4.J4 índicate moi-sture content of

the soil profile at Carman near the middle of July (shortly
after heading), The only difference indicated that soil
moisture at the 30 cm depth was greater for rape on zero

tillage (20,8/') than for rape on conventional tillage
plots (I7.0%).

At Portage (Tables 4,35 and 4,36), soil moisture con-

tent for wheat and flax indicated no differences betv¡een

treatments- Rape under zero tillage lnad 4,J/" (% of dry

wt.) more moj-sture at the 15 cm depth than did rape under

cultivation. Soil moisture under barley exhibited the

largest differences between treatments (Table l+.35), Soil
moisture under zero tillage was greater at the I5r 46, and



Table 4,33

eonventional

Crop

Soil moisture content

tillage in wheat and

Wheat L5

30

t+6

6T

9I
Average

Depth (cm)

^/Y).

at Carman under r.ero and

barley, JuIy B, I97L.

Soil- Moisture (% øv wt. )

BarIey

ZT ].

22 ,,8

2r,5

20,9

2r.4

26,8

22,6

Cul-t

2T,B

17,g

LB,5

20,5

26.!
20.9

L5

30

Lþ6

6t

9I

LSÐ (.05)

22,5

20,,8

20,8

20,2

22,L

2l-,3Average

NS

NS

NS

NS

NS

NS

2l-, O

L7,3

r7"5

20,8

?6.7

20,6

NS

NS

NS

NS

NS

ns



Table 4,34 Soil moisture content at

conventional tillage in rape (Jufy 9)

rgTl-.

Crop

Rape L5

30

46

6T

o-l

Average

Depth (cm)

96.

Carman under z'ero and

and fl.ax (July 14)

ZTl

Flax L5

30

46

6t

^1>L

Average

22,t+
{f

20,8

L9,6

2L,6

24.6

2r.7

Cult

2r,7

L7 ,0

19.1

2r,4

26.r

2r.3

LSD (.05)

22. 5

20,,4

2L, O

22,3

26.6

22,5

NS

?,5

NS

NS

NS

ns

Different compared to the cultivated treatment.

2L.6

19,3

L9,0

20,8

29 ,0

2r.9

ns

ns

NS

NS

NS

NS



Ta.ble t*.35 Soil moisture content

conventional tillage in v¡heat and

Crop

Wheat L5

30

t+6

6t
gI

Average

Depth ( crn )

97.

at Portage under zero and

barley, July 2L-22, 197I.

Soí1 Moisture (% bv v¡t. ) LSD (.05)
t7 ÍTt 1 /.r "'t +L'! -L \/t¿IU

Barley

2r,3

20.3

LB ,2

20,3

2-l

20,3

24.8'k

22,+
,*

22.6
.?s

2Q.+

20.+

22, Q*

L5

30

46

ot_

9L

Average

2Q.6

20,2

Lg.5

I7 ,5

17 .0

18. g

Different compared to the cultivated treatment.

NS

ns

NS

NS

NS

NS

18. 0

L9.7

L6.6

15.2

2L.5

LB ,2

o.)

NS

2.0

T,7

NS

),*



Table 4,36 SoiI moistrre content at Portage

conventi-onal tillage Í-n rape and f lax ' July

Crop

Rape

Depth (em)

L5

30

46

6T

Soil- ivloisture (/ by wt. )

gB.

under z'ero and

22-23, r97L.

7,T 1

Flax 15

30

46

6t

9L

Average

YL

Average

t-
22,2

2l+,6

23,3

20,9

20,2

22.2

0ult

L7 ,7

26 ,5

23,4

17,B

L7,3

20,5

LSD (.05)

L4,6

18.6

15. B

L4,,3

15. B

3,9

NS

NS

NS

NS

NS

Different compared to the cultivated treatment.

L5.3

10 0

L7 .5

l-5,7

L4,5

16,5

NS

NS

NS

NS

NS

NS
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6I cm depths. Average moisture content for the profile

vfas 3.8/, greater under r.epo tillage than under conven-

tional tiIlage,
Results at Sanford (TabLes 4.3? and 4.38) indicated

only one difference. Wheat under cultivation had more

soil moisture at the J0 cm depth than did vrheat under

zero tíllage.. At this date Pakaranodom (L972) for.md

greater soil moisture in the upper lJ cm under zero

tillage than under conventional tillage.
Soil moísture results indicated that few differences

between treatments could be detected at a stage beyond

the most critical period. The critical- stage for cereals

has been shown to be at the time of heading (Lehane and

Staple 1962).

This data does not indicate that differences vrere

absent earlier in the growing season. Greater vegetative

grovrth .r¡rould have i-ncreased water requirements ' Some

of this water may have come from the upper soil layer

d^uring early growth stages.

Increased soil moisture r.¡nder zero tillage has been

reported by many workers (Blevins et 4. I97L, Jones et g!.

Lg68, Lillard and Jones 1964, Moody et al' L96+, Moschler

et aI. 1969, Shanholtz and Lillard' 196I, and Tríplett et

4. 1964) .

F. Moisture stress

In L9?0, relative moísture stress readíngs in wheat,



Table 4.3? Soil moisture content

conventional tillage in wheat and

Crop

Wheat 15

30

46

6L

Average

Ðepth (cn)

't 
^^IUV I

at San.ford under zero and

bartey, August 4, L97I,

soil Moisture (% bv wt.I LSD (.05)

ZT 1 Cult

Barley 15

)v

46

6t

9I

Average

2? ,2
åt

18. 0

23.r

22,6

25 .0

22.2

L7.3

22,7

26,4

23,5

19.1

2T.B

22 "7

20.7

23.3

2I,6

18. g

20,9

Different compared to the cultivated treatment'

NS

3.7

NS

NS

NS

NS

21.3

LB,6

23.7

22,l+

1g, B

2L,5

ns

NS

ns

NS

NS

NS



Table 4,38 Soil moisture content

conr¡entional tillage in rape and

Crop

Rape

Depth ( crn )

at Sanford

flax, August

l<

3o

46

6I

Soil Moisture (/o-by v¡t. )

101.

under zero and

6, r97r,

ZT1

Fl-ax

9I
Average

18. 0

19,2

26,5

25,2

23,3

2?,5

Cult

rg.2

20,7

23,5

26 ,0

18.2

2L,5

t\

30

L+6

6t

LSD (.05)

9r

Average

20.3

26,7

20,2

2I+.8

22,I

22.9

NS

NS

tls

tl çl

NS

NS

2L.L

2I,2
2? ,2

30,9

21 ?

24.1

NS

NS

NS

ns

ns

NS
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obtained by the pressure bomb technique, indicated a lovrer

moisture stress under zero tillage than under cultivation,
from the two to six leaf stages. In L97L, v¡heat and bar-

ley showed no differences at any stage. Relati-ve turgidity
measurements in rape and flax showed no differences be-

tween treatments.

Since the only differences were at an early stage (2-

6 l-eaf stage ), and since the crop response differences did

not correspond with the differences in relative moisture

stress, this data ís not included.

G, Yield. yield. compong4ts, and d.eterminatíons on seed

samples

a) vield
Yiel-d results are presented in TabLes 4,39 to ì+,42,

The only yield difference for the cereal crops was with

barley ín the third year at Carman, where the yield under

cultivation was ?5% greater than the yíeld under zero

tillage (tatte 4.40).

Flax yielded hígher under zero tillage in three in-
stances, at Sanford in L970 and 1971, and at Portage in
I97I. Yie1d on ZT 1 increased (difference as a percent

of yield under cultivatíon) by 16, 30, and 26 percent for
Sanford I970, Sanford I97I, and Portage I97I respectively.

Yields of rape indicated one difference, at Sanford

in I9?0, where yield on ZI 1 was increased by pp percent

(difference as a percent of yield under cultivation).
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Tab1e l+.39 Grain yield of wheat under z.ero and conven-

tional ti11age.

Year

1969 Carman

Portage

Sanford

Location

l97O Portage

Sanford

Yield (:r's./na)

ZTI ZI2 Cult

I97L Carman

Portage

Sanford

2654

2Bg6

965

2580

2?96

1021-

1996

2t06

2)9?

24l4

765

LSD (.05)

2009

2284

2634

16?0

1781

NS

ns

NS

l-929

2003

27L5

:'673

1949

2547

1þ38

r996

ns

NS

NS

ns

NS
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Table 4,40 Grain yÍeld of barley under zero and eonven-

tÍonaL tilIage.

Year

L969 Carman

Portage

Sanford

Location

]-970 Portage

Sanford

Yield (us/na)

ZTI 7,TZ Cul-t

I97I Carman

ortage

Sanford

2905

25L3

462

3W4

25LB

605

2T4I

2BL3

tt
?448

L953

29tr

åÈ Different compared to the cuLtivated treatment'

2954

242l.

503

tsD (.05)

2L]LI

316)

23Bgo

193L

308B

1818

3287

NS

ns

NS

3067

L953

3228

NS

NS

376

NS

NS
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Table 4.41 Seed yield of flax under zeno and conventional

tillage,

Year

L969 Carman

Portage

Sanford

Loeation

r970

YieLd (ks/ha

ZT1

,a.HOrïage

Sanford

I97L Carman

Portage a

Sanf ord

903

35L

597

ZT2

87B

395

5L3

Cult

575
å+

99r

LSD (.05)

759

320

798

Based on an average of four replications due to severe
wild oat inf estation on tv¡o repl-icates.

Different compared. to the cultivated treatment.

6:.-5

âf
ro72

865
åf

9Bt+
åÍ

LL}5

NS

NS

NS

tÐj

853

677

9t+7

TLz2

*

J+

759

784

872

NS

B2

NS

L59

103



106.

Table 4,1+2 Seed yield of rape under z'eto and eonventional-

tiIlage.

Year

L969 Carman

Portage

Sanford

Location

:..970 Portage

Sanford

Yield (kg/ha

7r'I I

I97L Carman

Portage

6Bz

rfi5
579

zrz

798

13Br

6ro

Cult

605
+c

930

Different compared to the cultivated treatment.

6oo

1?2',7

577

r,sD (.05)

523

649

792

r5t3

NS

NS

NS

3L+7

468

902

1403

990

t320

NS

226

NS

NS
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In this instance, yield on zT 2 was lov¡er th.an yíeld on

Z,f 1. This di-fference can be attributed to the residuaf

2,4-D effect which was mentioned previously.

The yíeld results indicated that cereal yields gene-

ralIy did not differ between treatments under the conditions

of this experiment. The small seeded crops (rape and flax)

yielded higher in some instances under zero tillage than

under cultivation. A herbicide míxture containi.rrg 2,4-D

would not be advisable for rape, especially on the heavier

soils. The yield reduction for barley under zero tillage

will be d.iscussed after the proteín contents have been

included.

b)

Bushel vreight determinations vrere conducted on all

harvested samples. No differences between treatments \¡Iere

found over the three year period. Moisture content of

harvested samples was determined in the second and third

years. The only significant difference was for barley at

Portage in I9?I where moisture content was l-ower under

z,ero tillage than under cultivation (Table 4,43), When

yield results were corrected for moisture content (Table

4,43) , there were stil-l no yield dif f erences betv¡een

treatments,

Barley at Portage ín l-971 was harvested as early as

possible, and rainfall was not an i-mmediate factor in

grain moisture content, Ðifferences in maturity (rnoísture

content) vrere evídent. With barl-ey at other locations,



Table 4,43 Moisture

of barl-ey at Portage

Treatment Moisture Content

(% ot vret weight)

108.

content, yie1d, and 0/o moi-sture yield

in I97I,

7,T T

7,rI 2

Cult

LSD (.05)

fc
15. 0

lll. 8#

l6,6

1.0

llarvested 0/, Moisture
Moisture

Content

Different compared to the cultivated treatment.

and r,vith wheat at al-l- locations, head samples were taken

prior to harvest to evaluate maturity (Table 4.þ4). Ma-

turity of cereal-s at Carman and Portage was more advanced

under zero tillage than under conventional- tillage. Ma-

turity díd not differ between treatments at Sanford'

c ) kernel vreight

KerneL weight determinations for :-.970 showed no dif-

ferences between treatments. Some differences Were ob-

served in the third year (Tab1e 4,45). Barley kernel

weight at Portage was reduced under zero tillage, even

after kernel vieights were corrected to 0% moisture. Rape

under y"ero tillage at Carman had a greater kernel vreight

than did rape under cul-tivatj-on. Flax on ZT 2 at Carman

L953 1662

LgSr L64r

L953 lL630

NS NS
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Table Ll"til+ Head moisture content of wheat and barley prior

to harvest.

Crop

Wheat Carman

Portage

Sanf orcl

Location

parley

Date

9/B/zt

3t/B/?r

e/B/rt

Moisture Content(/' of fresh wt. ) a

CgrlItan

Sanford

a

å+

Z'I I CuIt

Based on a.n average of

Different compared to

lc
5r,2
26.6*

52,3

¡t
20.6"

29,7

9/B/?L

e/B/?r

57 ,B

29,7

52.8

LSD ( " 05)

6 replícated

the cul-tivated

'Ì^

,R.

ns

36,8

35,6

samples of l-00 heads.

treatment.

6.4

ns



Table +.45 Kernel weight under zero and conventional

tillage, L97L.

Crop

lTheat Carman

Portage

Sanford

Location

Barley Carman

Portage

Sanford

1000 Kernel Wt. (s)

ZTl

30, 0

30. f
32,3

Z\ 2 Cult

Flax Carman

Portage

Sanford

110.

30.2

3Q,l+

33,4

36,3
âL

35,9

36 ,L

29.6

3Q,l+

33.3

Rape Carman

Portage

LSD (.05)

36,r

37 ,2

36,4

5.L

5.3
<2

{f
8.0

7.4

36,0

39 .0

37 ,6

åÉ

a

NS

NS

NS

Different comPared

Based on an average

5,3

5.L
- ,.*)'o

l+
8.0

6,9

NS

NS

5,2
1 IJ,

5,3

to the cultivated treatment.

of four replications,

7.4

6,8

NS

NS

0,?9

0.4

NS



had a hïgher kernel

p1ots.

d) oi1 content

0i1 content analysis was conducted on flax and rape

seed samples from 1970. Results are summarized in Table

4,1+6. No differences were found. Refractive index of

oil samples indicated no differences between treatments.

e ) protein eontent

Protei-n content determinations from L970 samples are

presented in Table l+.47. Protein was lower for wheat

und.er z,e?o tillage than for wheat under cuLtivation at

Portage. Yield differences were not sígnificant, but

tended to be slightly higher for zero ti11age.

Protein contents in l9?L are presented in Table 4.48.

Barley at Carman had a l-ower protein content under z'ero

tillage than under conventional tillage. Yield of barley

at this location was higher under cul-tivation, The de-

creased protein content and decreased yield under zevo

tillage suggested a nitrogen deficiency. The earl-ier

maturíty of crops (Tables 4,43 and 4.44) also suggested

a nitrogen deficiency under rrero tillage, although this

could have been due to more rapid growth ín the absence

of tillage.
f ) til-Ier development

111.

weight than flax on ZT 1 or cul-tivated

The number of fertíl-e tillers
barley under zeyo and conventional

Tables 4,49 to 4,51.

produced by wheat and

tillage is given in



TabLe 4,46

conventional

IT2,

0i1 content of fl-ax and rape under zero and

tillage, I97Q"

Crop

Flax Portage

Sanford

Loeation

Rape Portage

Sanford

0i1 Content (%)

ZT 7 Cult

4r,4
lL, t)

Based on an average of four replications.

Results from Carman in 1970 are missing due to hail
damage. ResuLts from Portage in 1969 were recorded on

the basis of tilLers per plant, and therefore are re-
ported separately (Table 4.5J-), No emergence differences

were shov¡r at Portage in the first year.

Fertil-e tiller counts, except for Portâgê, 1969, are

based on an average of four subsamples per replication
and six replications per treatment.

In general no differences existed. The only sig-
nificant dífference was in v¡heat at Sanford in the third
year (TabLe 4,119), v¡here tillering \¡/as reduced und.er

cultivation.
Since wheat and barley yields were similar under zero

+2.7

42,4

l+7.8

46,5

LSD (.05)

t+7 ,7

4?,2

NS

NS

ns

ns
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Table 4.4? Protein content of wheat and barley under uero

and conventional tillage, I970.

Crop

Wheat Portage

Sanford

Location

Barley Portage

Sanford

Protein Cont-ent a

7,I L Cult

a

itÉ

l4,5o

L5.2

N x 6,25 on a 0Ø moisture basis.

Different compared to the cultívated treatment.

and conventional tillage, tillering, one of the three

yield components, was not expected to differ between

treatments..

At Carman, when barley yield under %ero tillage was

reduced (Table 4.40), a yield component other than til-

lering must have varied between treatments, Kernel-

rareight was lower under zeto tillage than under cultiva-

tion (Table I+,45), The other yield component which

could have varied was kernels per head.

e) kernel-s per head

fn L97I, kernels per head counts were conducted so

that the three components vihich constitute yield of cereal-s

16,0

16. 0

LO,7

11. ¿t.

LSD (.05)

Ll-, 5

11.4

L.2

ns

NS

NS
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Table l+,1+B Protei-n content of wheat and barley under z,ero

and. conventional tilIage, I9?L.

Crop

hrheat a 
Carman

Portage

Sanford

Location

Barley b

Protein Content

ZTL 7"\2 Cult

L3,3

14. 0

l-3,4

Carman

Portage

Sanford

à

b

t&

13. B

l-3,g

a3,4

{É

TQ.7

l-0"þ

10. I

N x 5.? on a 0% moisture basis.

N x. 6,25 on a 0% moisture basis,

Different compared to the cultivated treatment.

11,1

10. 3

11,1

14. L

13. B

13,5

LSD ( .05)

would be known (Table 4,52). The number of kernels per

head of wheat did not differ between tíllage treatments

(ZT l and. Cult) but the nurnber of kernels per head of

barley was lower under zero tillage (Z'T 1) than under con-

ventional tillage at Carman and Portage. In barley at

Sanford, the two treatments did not differ in the number

of kernels per head.

NS

NS

NS

l-L"3

r0. 3

10,6

0.4

NS

NS



rts,

Table 4,49 Fertile tillers of wheat (tillers per I.J m of

row) under zero and conventional tillage.

Year

L969 Carman

Sanford

Location

1970 Portage

Sanford

z,r I

I97I Carman

Portage

Sanford

Treatment

114

99

Zf 2 Cult

LL?

99

9B

B5

å& Different compared to the cultivated treatment.

Il-7

99

LSD (.05)

L03

B7

h)

l22

114

t ar"*

For wheat, the only yield component that differed

between Z,T 1 and cultivation was the number of fertile
tillers produced per unit of area at Sanford' The ZT l-

treatment had 103 fertile tillers per Ì.J meters of row

r¡rhile the cultivated treatment had 92 fertiLe tillers in

I.J meters of row. The ZI 2 treatment had 109 fertil-e

tíllers in 1.J meters of ro¡¡¡, Yield, kernel vreight, and

92

95

118

r0g
ã

109

NS

NS

L22

oR

92

NS

NS

NS

NS

2



Table 4,50 Fertile
row) under zero and

Year

tL6.

tillers of barley (tillers per 1.J m of

conventional tillage.

L969 Carman

Sanford

Locations

l-970 Portage

Sanford

7,T T

I97I Carman

Portage

Sanford

Treatment

r20

+2

ZI 2 Cult

126

45

59

58

Table l+,5I Fertile tillers of wheat and barley (til"lersr/

plan.t ) und.er zero and conventi-ona1 tillage at Portage, 1969

L26

30

rsD (.05)

59

65

72

75

76

6t

59

Crop

NS

NS

73

,71

B3

Wheat

BarIey

79

70

79

ns

NS

zrr

Values are fertile tillers per plant
ples (f.5 m of row) per Plot and six

Trea,tment

L.+7

1" 13

NS

NS

NS

ZT2

I,6L
1 rQ
-l- .Iv

Cult

l,4g

0,96

LSD (.05)

NS

NS

based on four sam-
plots per treatment.
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l[able 4,52 Kernels per head for wheat and barley under

zero and conventional tillage, 197L,

Crop

Vfheat Carman

Portage

Sanford

Location

Barley Carman

Portage

Sanford

ZT1

27 ,5

23,7

?3,2

.lF
38,4

*
36,4"

37,8

CuIt

Based on an average of 50
per treatment,

Different comPared to the

28. B

25,r

22,8

LSD (.05)

the number of kernels per head did not differ significantly.

Presumably, small differences in these factors offset the

differences in tillering.
Barley at Carman yielded lower under z'ero tillage than

under conventional" tillage due to a decrease ín the number

of kernels per head rmder zero tillage. Tillering and

kernel weight díd not differ betv¡een treatments. At

Portage, the yield of barley did not differ between treat-

ments but the kernel weight and the number of kernels per

I+3,8

+1,7

37,r

NS

NS

heads per plot and six Plots

cul-tivated treatment.

Lþ,6

3.9

NS



l1B.

head were reduced gnder ze?o tillage, while tillering

tended to be increased in the absence of tillage '
with rape and flax only seed weight and yield v¡ere

determined. A change in seed yield not resulting from

a change in kernel weight must have been due to a change

in the number of seeds produced per unit an"ea, and a

change in kernel weight not accompanied by a corresponding

change in seed yield must have been associated with a

change in the number of seeds produced. With f1ax,

j-ncreased seed yíe1ds which were observed under zeto

tillage at Sanford (L9?0 and I9?I) and at Portage (1971)

were the result of increased seed weight in only one

instance (Sanford I9?I)' Therefore, other two differences

were due to changes in the number of seeds produced' With

rape at carman in I9?I seed weight was increased under

ze;.o tillage but yield was not increased" The number of

seeds produced under zeto tillage must have been less than

the number produced under cultivation. The j-ncreased

seed. yield of rape at Sanford in L970 was due to an j-n-

crease in the number of seeds produced since the seed

weight did not díffer between treatments.

The results indicated that all three yíe1d components

of cereals eoul-d be altered by the tillage treatment.

with fl-ax and rape, both seed weight and the number of

seeds produced. could. be influenced by the tillage treat-

ment, but the number of seeds produced was more readily

effeeted. There vlas no consistent influence of zeto

tillage on any one of the yield components.
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H, Soil fertility and nitrogen response

a) soil fertilitv
Soil samples vlere obtained from Portage on July 2p'

7969,. from all three locations in July L970, and from

Carman on May 10, 1972. The validity of the data was

questionable due to the high cóefficient of variation.

A summary of all results are presented in Appendix E-l

to E-4a

b) nitrogen response

Because of the indication of a nitrogen deficiency

under zero tillage from l97t barley trial-s, nitrogen

response trials were eonducted in :'972' Yield results

for wheat, barley, and rape a:r^e indicated in Tables 4,53

to l+,57. Protein contents of wheat and barley are pre-

sented in Tables 4.58 to 4.61'

Trials with five replicates v¡ere conducted on a

sandy clay loam site (carman B) whíle trials with three

replicates v¡ere laid dovrn on the large scale site at

Carman (Carman A).

Wheat on the Carman B site exhibited a yield inter-

action between tillage and N fertilizer (Teble 4,53), At

N fertilizer levels of L34, 202, and 26) xg/ha, z'eto

tillage yielded higher than conventional tillage. At

fertility levels of 0' 6?, and 101 kg/nar ho yíeld dif-

ferences existed betvreen tillage treatments. At 34 l<S N/na,

the cultivated treatment yielded higher than the Trero til-,-

lage treatment (3Zo ug/na),



I20.

Table 4,53 Nitrogen response of wheat (yie1.d) under zero a

and conventional tillage at Carman B, 1972.

Nitrogen Applied

(ks/ha)

0

34

6Z

l_01

t34

2Q2

269

LSD (.05) within
treatment

Yield O<s./na\

ZT1

2533
Á¿

2930^

3474

3588

:,656"

3965"
tf

37 30

228

CuIt

2863

3300

3468

334?

3?59

32Lg

3273

228

LSD (.05)

rnteraction of tillage x N fertilizer sígnificant at
I% l"evel,

Zero tillage plots under first year of zero tillage
management.

Different compared to the cul_tivated treatment.

NS

362

NS

ns

362

362

362
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Barley response trials at carman B indicated lower

yields under z,epo tillage than under cultivation when no

nitrogen was applied (Table 4,51+), At J4 kg/ha nitrogen,

yield under cultivation was not significantly higher from

yield under zero tillage. No yield differences existed

at higher rates of nitrogen appfj-catíon. Tillage x nitro-

gen fertílizer interaction was not significant in this

barley trial.
lVith wheat on the Carman B site (Tabl-e 4,55) the

differences betv¡een the two tillage treatments, and the

interaction, $¡ere not significant. At 2OZ and- 26) Xg/ha

nitrogen, wheat under 7.ero tillage tended to outyield

wheat under conventional tillage.
Yield of barley and rape at Carman A fo11or¡red a

pattern similar to yield of wheat at Carmafi B, but tillage

treatment differences and interaction were not significant

(Tables 4,56 and 4,57)'
proteín content of wheat exhibited an interacti-on

between tillage treatment and nitrogen fertílizer at

Carman B (Table 4,58), At 67 Xg/ha nitrogen, protein

content of wheat under cultivation was higher than protein

content of wheat und.er zero tillage at the same fertility

teve1. Differences at other nitrogen levels were not

significant but at lower N levels, wheat under z"ero til-

lage tended to exhibit a lolq¡er protein content, while at

higher N levels the reverse sítuation occurred.

Unl-ess nítrogen availability to the plant varíes,
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Table 4,54 Nitrogen response of barley (yåeld) gnder zero

and conventional tillage at Carman B, L972.

Nítrogen APPlied

0<e/na)

0

34

6?

10t-

Ð4
202

269

LSD (.05) within
trea,tment

Yield fte/na)
ZTl

.rf

3599

4352

5337

5385

5t+Bz

5337

5229

4BB

Cult

t+664

4869

5482

5t+93

554L

5Lþ77

5525

488

LSD (.05)

Interaction of tillage x N fertilizer not significant
at 5% leveL.

zero tillage plots under first year of z,eI'o tillage
management.

Different compared to the cultivated treatment"

672

NS

NS

NS

NS

NS

NS
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Table 4,55 Nitrogen response of wheat a

,""o b and conventional tiltage at Carman

Nitrogen Applied

gs/na)

0

34

6Z

101

13,Ll

202

269

LSD ("05) ivithin
treatment

Yield (ks,/ha

L23,

(yietd) under

A, L972,

7,T 1

2063

2386

3111

2Br+3

211 I

9535

34BB

373

Cult

2II+LT

2547

2802

j0t+4

2BB3

30L7

3098

373

LsD (.05)

Interaction of titlage x N fertilizer not significant
at 5/o l-evel-.

wheat grown on plots at carman which had grovrn rape in
T97I,

Zero tillage plots under fourth year of zero tilla,ge
management.

NS

NS

NS

NS

NS

NS

ns



Table 4,56 Nitrogen response of barley a

zero b and conventional tillage at Carman

Nitrogen APPlied

$e/na)

0

34

,62

r01

L34

202

269

LSD (.05) within
treatment

Yield (k.s./ha)

r24,

(yie1d) under

A' 1972,

7.T L

34Lr

4zoz

4ØB

4643

tÐL+7

4535

lt Lt"l,l

lL2 <

Cul-b

4zz9

4DT

4503

4r¿rB

4uo
t+t+3)

3B84

4zj

LSD (.05)

Interaction of tillage x N fertilizer not significant
at 5/o 1evel-,

Barley grown on plots at carman which had grown flax in
T97L,

zero tillage plots under fourth year of zero tillage
management.

NS

ns

NS

ns

NS

NS

NS



Table 4,5? Nitrogen response of rape a (yield) under

zero b and conventional tillage at Carman A, L9?2,

Nitrogen Applied

(u.g/lna)

Û

34

6Z

101

L34

202

269

LSD (.05) within
treatment

Yield }re/na)

ZTl,

694

801

L3B9

r579

17 58

rg32

2r95

r75

Cult

L25,

554

Lo47

L2g4

L406

r596

L7L9

LBg3

475

LSD (.05)

Interaction of tillage x N fertilizer not significant
at 5% Ievel-.

Rape grown on plots at Carman which had grown barley in
L97T

Zero tillage plots under fourth year of zero tillage
management.

ns

NS

NS

NS

ns

ns

NS



Table 4.58 Nitrogen response of v¡heat (protein) urnder

zero â and conventional tillage at Carmail B, Lg?z,

Nitrogen Applied

Qre/na)

0

34

6Z

101

lj,t+

202

269

LSD (.05) wíthin
treatment

Protein
(N x 5.,7 ,

7.T L

Content
L4% moLsture )

11.3

L2,+
,t

12,5

14.. 0

L+,7

Ll+,9

15. 0

0,5

L26,

Cul t

11.9

13.0

l-3,9

r4,+

l4,5

l4,3
r l¡ /I*¡)

0,5

Interaction of tillage x N fertilizer significant at
I% Level,

Zero tillage plots under first year of zero tillage
management.

Different compared to the cultivated treatment.

LSD (.05)

NS

NS

0,7

NS

NS

NS

NS
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yield increases result in decreased protein content, and

vi-ce-versa. The increased yield and increased proteín at

high fertilizer levels índicate that more nitrogen was made

available under zrero tillage r or avail-abIe nitrogen was

used more effÍciently by the zero tillage crop. Response

to low fertilizer levels indicated that more nitrogen vras

not made avail-able under Trero tillage conditions. The

interaction between tillage and nitrogen fertilizer was

significant for the protein content of v¡heat in this trial.

The protein content of barLey at Carman B did not

differ between tillage treatments and an interaction v¡as

not evident (Table 4.59).

The protein content of wheat at Carman

an interacti-on betv¡een tillage and nitrogen

(Table 4.60), Protein content at 34 and 67

was higher under cultivation than under zero tilIage.
Barley protein content data showed an interaction be-

tween tillage and fertilizer at this site (Table 4.6\).
At 0 and )U kg/ha nÍ-trogen, pr.'otein content under zero

tíllage was lower than for the cultivated treatment.

With wheat, the location (Carman B) which showed

the yield interaction of tillage and fertilizer (Tab1e

4.5t) also showed a protein interaction (Table 4.58),

When no yield differences were found (Carrnan A) (Table

+,55), no protein interaction was apparent (Tabte ll'.60),

However, proteÍ-n content was lower under zeto tillage
at 3l+ and. 6? kg/na than under cultivation.

A did not sholv

fertiLizer
xg/na nitrogen
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Table 4,59 Nitrogen response of barley (protein) under

zero â and conventional tillage at Carmah B, 1972,

Nitrogen Applíed

(ue/lna)

0

34

67

101

v4
202

269

LSD (,05) within
treatment

Protein(u x 6.25,

7"r 1

Content
l1+% moisture )

10.5

10.6

11,1

11. B

12,6

1? n

12,9

0.5

Cul-t

10. 8

LV,Y

l'L,7

L2.5

13. 0

f3.0
T2,B

Interaction of tillage x N fertilizer not significant

LSD (.05)

at 5% LeveL,

Zero tillage plots under
management.

NS

NS

NS

NS

NS

NS

NS

first year of %ero tillage



Table 4,60 Nitrogen response of

zero b and conventional- tillage

Nitrogen Applied

Q<e/na)

0

34

6Z

101

n4
202

269

LSD (.05) vrithin
treatment

r29,

r¡rheat a (protein) under

at Carnan A, 1972,

Protein Content
(N x q,7. 14% noisture)

7,T I

11,I
t+

11. 1
/,x

l__L . o

12,g

rq l¿

l-3,7

L3.9

na

Cul-t

Ll.6
12.4

13.1

l-3,7

13. B

I¿I. 1

l-4. 1

0.8

Interaction of tillage x N fertiLizer not significant at
the 5% level-,

Wheat grown on plots at Carman r¡¡hieh had grown rape in
L97L,

Zero tillage plots under fourth year of zero tillage
management.

Ðifferent compared to the cultivated treatment 
"

LSD (.05)

b

NS

1.1

1.1

NS

NS

NS

NS



Table 4,6I liitrogen response of barley a

hr,era ' and conventional tillage at Carman

Nitrogen ApPlied

(ks/ha)

\̂.,

)4

67

101

134

202

269

LSD (.05) within
treatment

Protein Content

IJU.

(protein) under

A, L972,

7.T I

r0. 30
tÉ

10.3

L7.5

12,L

!2,8

13, 0

j-3.5

0,9

Cult

12,I

11,7

1.2.L

12,g

13. 0

13. 0

1? ?

0,9

Interaction of tillage x N fertilizer significant at the
L/o leveL"

Barley grown on plots at Carman which had grovrn flax in
I97I.
r"ero tillage plots under fourth year of zeto tillage
management.

Different compared to the cultivated treatment.

LSD (.05)

1,2

T,2

ns

NS

NS

NS

NS
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With barleyr ho yield ínteractions were observed

(Tables l+,5t+ and. 4,56), Only one yield difference was

observed (Tabl-e 4,54) vrhen yield under zeto tillage was

\065 Xg/ha less than the yield under cultivation when

no nitrogen was applied, Barl-ey at one location (Carman

A) exhíbited. a protein content interactíon (Tabl-e 4,6L),

At the two lowest rates of nitrogêh, 0 and 34 kg/lna,

protein content was lower under zevo tillage than under

cultivation. At high rates of nitrogêilr protein content

did not differ between treatments, as wheat did when an

interaction was observed.

The yield and. protein content at O kg W/ha indicated

that l-ess nitrogen was available on the zero tillage than

on the conventional tillage plots' Thi-s fact was supported

by results of Molberg and. Hay (rç68) who found that l-ess

nitrogen was available when the soil was not disturbed

early in the season, than when an early tillage operation

was carried ou.t. Molberg and Hay were studying chemical

summerfallow but the same results should occur under a

cropped system. If less ni-trogen vras available at the

time of seeding, the yield wouLd be expected to decrease.

As increasing amounts of fertilizer were added, the dif-

ference in available nÍ-trogen would be expected to have

a smaller effect, The yield results of the nítrogen

response trials indicated that as the amount of fertilizer

was increased from 0 to 6Z kg N/ha, the yield difference

between zero and conventional tillage decreased. At
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higher rates of N fertilizer, the zero tillage crops used

the nitrogen fertilizer more efficiently than crops grovrn

with conventional tillage and hígher yields were produced

under zero tillage, The superior establishment observed

under zero tillage conditÍ-ons, relative to cultivation,
woul-d be expected to result in a more efficient crop

stand, provided that some factor did not become limiting"
A factor which rnrould have increased the difference

in availabl-e nitrogen between the zero and conventional

tillage treatments was the íncreased dry matter produced

during the early growing season under zeyo ti11age.

The expected protein content of Neepawa wheat can

be calculated from the soil ni-trate content at the time

of seeding and nitrogen fertil-izer appli-ed' according

to equations derj-ved by Alkier et al-, (L972) and Racz

(personal communication). These equatíons are presented

in Appendix C-3. A comparison of yield of wheat and

protein content of wheat ín these trial-s, vrheat yield

and protein content data of Alkier g! 4. Q972), and

calcutated protein values, are presented. in Appendix C-4,

Protein contents followed the values predicted by

the quadratic equation (Appendix C-3b) more closely than

the values predicted by the cubic equation (Appendix C-3a).

Observed protein values under z.ero tillage ranged from

11"4 to L5,I/'protein. Calculated values ranged from 11.3

to 16.I/" protein. Wheat under cultivation had a narrower

protej-n content range (Lz,Q to Il+,6) ttran did wheat under
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r,ero tillage,
Alkier et al. (L972) found a decrease in protein

content from 1,2.I% to LL"?/" when 34 kg/ha of nitrogen

was applied. This decrease was not observed under either

zero or conventional tilIage. Alkier et al. (L972)

showed. a 46% yield increase when 34 kS N/ha was applied,

while zero tillage trials showed a L6y'" yield increase.

The large yield response (640 kg/lna) which was obtained

by Alkier et al, (tgZZ) v¡ould be expected to result in
d.ecreased protein contents. In general, Alkier et al.
(Ig?2) obtained low graín yíelds (1400 to 27J0 x.g/na).

The absence of the decrease in protein with the

applicatíon of nitrogen may have been due to climatic

differences (I9?0 and Lg?L average versus I9?2 data) or

due to the higher yield produced with no fertilizer
(1400 versus 28Ø ug/na),

The data indicated that the protein content of wheat

grown under zero tillage responded as predicted by the

equation derived by Racz (Appendix C-3b). Wheat from

the other location responded. in a similar manner (Table

þ,60). Til1age is a factor which should be considered

in predicting wheat protei-n content.

I. Herbicide evaluati

a) field evaluations

i/ Evaluation of several herbicides

seedbed preparation, 1972,

for chemical



Dinoseb at 4.48 and 8,97 kg/ha resuLted in very good

v¡eed control (Table 4.62), Initial weed kill was rapid

(within 24 hours ) and complete. Dinoseb appeared to

result in residual control of some weeds, including green

foxtail-, wild oats, and broad-leaved weeds.

Bromox¡rnil plus MCPA and paraquat gave satisfactory

control- of al-l weeds., Bromoxyníl plus MCPA controll-ed

the broad-leaved weeds but the grassy t'¡eeds became more

serious, âs indicated by the July 6 rating (Tante 4,62),

The other treatments vrere not satisfactory,
The importance of grass control was indícated in this

experiment, If broad-leaved weeds were removed, the re-

mainíng grassy weeds had a competitive advantage over the

emergíng crop,

ii/ Evaluation of low rates of paraquat and paraquat-

díquat mixtures for z,eîo tillage seedbed preparation, 1972.

When paraquat was applied in 243 t/na spray volume in
the morni*g, 0"56 kg/ha vras the lowest acceptable rate

(Table 4,63). Paraquat at I,I2 kg/ha $¡as more effective

than 0,56 ug/ha, and was as good. as 2,24 kg/ha and the

combination of paraquat plus diquat (0.84 + O,2B lr.g/na),

![hen diquat was used to replace some paraquat, treatments

10-12, the control was less than with the equivalent rate

of paraquat.

Paraquat at O.2B ug/ha was more effective when ap-

plied at dusk than when applied in the early morning

(Table 4,63), At lower rates no differences were apparent.

L)+,
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Table 4.62 Evaluation of several herbícides for chemical-

seedbed preparation, L972,

Treatment

No. Herbicide Rate (kg/lna)

I, check

2, paraquat + diquat

J.. nitrof en

4. 2,4-D amine

5, dicamba * 2,/+-D +
mecopirop

6. bromox¡mil + MCPA

7, bromox¡mil + MCPA
paraquat

B. bromox¡rnil + MCPA
paraquat

9, amj-trol-T

10. dínoseb

11. dinoseb

0.84 + 0.28

r ,34

0. 84

0,56

0,,56

0,56 + 0,28

0,56 + 0.14

4. 4g

4.48

8,97

Control Ratine 1
May l1 JuIy 6

1

7

t
I

r7
I

a Rated on a scale of l-9, with I
No statistical analysis carried

1

4

4

I

ñ

9

6

6

7

B

indicating no control.
out on ratings.



Table l+,63 Evaluati.on of

diquat mixtures for zero

No. Herbicide Rate (Xe/na)

136.

low rates of paraquat and paraquat-

tillage seedbed preparation, L972,

2, paracluat
* diquat

3. paraquat

4, paraquat

5, paraquat

6, paraquat

7, paraquat

B. paraquat

9, paraquat

10, paraquat
* diquat

11. paraquat
+ diquat

12, paraquat
+ diquat

L3, paraquat

14. paraquat

J-5, paraquat

check

0.84 + 0.28

2.24

L,I2

0,56

0,42

o,2B

0.14

0.07

0. 28 + 0.28

0.28 + 0.14

0.14 + 0.14

o,2B

0. l-4

0,07

Time of lvlay JI
Application

Control Rating a

AM

AM

AM

/
J ul-y o

È(

B

oAM

AM

AM

AM

AM

AM

B

X

o

4)

4

2

I

a Rated on a scale of L-9, with 1
No st atistical analYsis carried

AM

AM

PM

PM

PM

)
?

I

4

3

6 5

1

3

indicating no control.
out on ratings.
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l-ittle control resulted under eíther condition, atVery

rates

iii/ EvaLuation of the effect of Èpray volume on

efficacy of paraquat, L9?2,

of 0,14 and O,O? kg/na,

The effect of spray

quat was evaluated (Table

quat used (0.28 and 0,56

canopy, d.ecreasj-ng spray volume from 243 to 6g l/ha in-
creased weed controL, Satisfactory control was obtained

with O,2B kg/ha paraquat. Resul-ts indicated that addí-

tional surfactant may be required for low rates of

paraquat.

iv/ Evaluation of gI¡4phosate ([qoN 2739) for z,ero

tillage weed eontrol, 1972,

Glyphosate at rates from O,2B to I,L? Xg/na resul-ted

in satisfactory weed control (Tabl-e 4,65). No differences

were evident between rates of 0,56 to I.I2 Ug/na. Gfy-

phosate at 0.14 t<g/ha resulted in some grass control but

rvas poor on broad-leaved weeds. Glyphosate at O,2B kg/ha

was sufficient for grass control. Paraquat at 0,56 Ug/ha

v¡as almost as effective as paraquat plus diquat at 0.84 +

0.28 kg/ha. The sp1ít applicatíon of glyphosate and

paraquat was no better than the 0.14 kg/ha rate of

glyphosate.

b ) sreenhouse evaluati-ons

i/ The effect of spray volume and surfactant on

efficacy of paraquat.

volume

4,64) ,

k&/na) ,

on the efficacy of para-

At the rates of para-

and for the type of v¡eed



Table 4,61+ Evaluation of ef f ect of

cacy of paraquat, !972,

Treatnent

No, Rate of Paraquat SPraY .Volume' (xe/na) - - (L/ha)

't
-Lr

2.

),
+.

o.

7,,

R

138.

spray volume on effi-

check

0,56

0,56

0,56

0,56

0.28

0,28

0.28

o "28

Control Rating a

May Jl July 6

6g

138

183

2t+3

6g

138

183

2+3

a Rated on a scale of 1-9, with 1
No statistical analysis carried

1

B

7

7

7

)

4

4

I
B

n(

6

)
õ

)

5

4

indicating no control-.
out on ratings.
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Table 4.65 Evaluation of MON 2139 for 7'eto tillage weed

control, 1972.

Treatment

No. Herbicíde Rate (trg/na)

1. check

2,

3.

4.

MON 2l-39

MoN 2L39

MoN 2139

MON 2139

MoN 2l-39

MON 2L39

paraquat + diquat

paraquat

paraquat

paraquat

MON 2139 and
paraquat

7,

9,

10.

11.

T2,

0.07

0. l-4

0.28

0' 84

T, L2

0. 84 + 0,28

0,56

0,28

0. l-4

0.14 + 0.14

Control Rating a

May l1 JuIy 6

I
1

3

Á,

7

o(J

R

7

4

2

3

a Rated on a scale of 1-9' with I
No statistical analYsis carried

I

)

4

7

R

ö

B

I

5

1

indicating no controL.
out on ratings.
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The effect of spray volume and surfactant (Agral 90)

on efficacy of paraquat was tested in the greenhouse

(Table 4,66). Treatments 6 to 9 indicated that the volume

effect observed in the field was present under conditions

of this trial. The add.ition of 0,L% Agral p0 did not

prevent the volume effect (Treatments 2 to 5). AIso, the

addition of Agral 90 to paraquat (3JL L/na spray volume)

did not improve the control over that obtained at the same

rate and. spray volume with no additional surfactant'

These trials índicated that paraquat, when applied at

1ow rates \¡¡as more effective when the spray volume was

reduced to 5? t/na. The addítion of surfactant, along

with an increase in spray volume did not offset the de-

creased control due to increased spray volume. Possibly'

the increase in concentration of the spray solution in-
creased the effi-cacy,.

The resul-ts of this experiment are in agreement v¡ith

the results of McKinlay (l-9?3) who found that paraquat

at 0,5 oz/l was more toxic to sunflower seedlings when

applied in 0.5 gpa than in 2 gPa'

ii/ Residual effect of dinoseb on emergence and

growth of green foxtail, wild oats, wheat, barley and tame

oats,

The number of green foxtail seedlings emerging'was

reduced by 8,)6 and l-?,92 kg/ha dinoseb (Tab1e 4,67), All

rates resuLted in a reductíon in the weight of foliage per

pot. Dinoseb at I?,92 Xg/ha resuLted in a )B/" reduction



Table 4,66

efficacy of

house, L972,

The effect of spray volume and

paraquat applied at 0.14 xg/ha

. /,.i.-ì:ri: _ Treatment..,: -- -r -. .

No. Formulation Spray Volume /" Agtal- Control.
(I/}:.a) 90 Added Rating *

1.

2,

4.

check

aerial p""-qrrut b

aerial paraquat

aerial paraquat

aerial paraquat

paraquat c

paraquat

paraquat

paraquat

paraquat

A

ñ(¡

R

7t

10,

1¿l1.

surfactant on

in the green-

57

IzB

L7l-

33t

57

l.28

T7I

33r

33l-

Rated on a scale of L-9,
No statistical analYsis

Formul-ation of paraquat

Formulatíon of paraquat

0.1

0.1

0.1

0.1

0.1

h

c

1

7

6

4

,)
I

)

)

4

vrith 1 indicating no control,
carried out on ratings.

containing no surfactant.

containing surfactant.
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in dry weight, relative to the unsprayed check.

Wild oats were not as sensi-tive to dinoseb as was

green foxtail. Only the L?,92 Ug/ha rate reduced the

number of emerging seedlings (Table ll.68). Ðry weights

were not significantly different, Ðuring early stages

of growth (emergence to 2 feaf stage) tfre wild oats

treated with 8,96 and 1?,92 ke/ha dinoseb exhibited

some injury s¡rmptoms (stwrtíng' slight chlorosis, loss

of turgor), but they soon grew out and were not notice-

ably different from the i¡nsprayed check.

lVheat and barley showed tolerance to dinoseb at all
rates (Tables 4.69 and 4.7Q). Tame oats exhibited toler-
ance to 8,96 xg/ha d.inoseb (Table l+.7l-), Oats were not

tested at higher rates of dj-noseb,

iii/ Green foxtail emergence after pre emergence

herbicide applications,

The effect of paraquat, 2,4-Ð ami-ne and 2,4-Ð ester on

green f oxtail germination i-s indicated in Table 4,?2. All
treatments reduced germination of green foxtail- i¡¡hen seeds

were on the surface. Germination was lower with surface

seedíng than with seeding at a one centimeter depth (8.6

versus Lþ,l+ plants/pot). The 2,4-D treatments had no

effeet on germi-nation when the seed was protected by l- cm

of soil.
Possibly the Z'T 2 treatment in L969 and 1970 (paraquat

plus 2r|4'-D ester) reduced the germination of green foxtail-

on the soil surface and resufted in a reduced green foxtail



Tab1e 4,67 Residual effect of

growth of green foxtail in the

Trqatment

No. Rate (u.e/na)

1.

2,

2).

4.

r43,

dinoseb on emergence and

greenhouse, 1972.

0

¿l.48

B,96

L7,92

LSÐ (.05)

Emergence

( plants/pot )

tt Different compared to the untreated check.

33

29

L2

5

Table l+,68 Residual effect of dinoseb on emergence and

growth of wild oats in the greenhouse, 1972,

Dry Plant Weight

(e/pot)

It

åg

No.

Trea,tmen!-

r,20

0.92

0,36

0.02

0.27

l_.

2,

3.
t.+.

Rate (k'/na)

*
åÉ

t&

0

lt.4B

B,96

17.92

LSD (.05)

Emergence

(plants/pot )

Different compared to the untreated check"

14

13

r3
t+

11

2

Dry F1ant Weight

(e/pot)

0,27

Q,26

0,25

0,r3

NS
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Table 4.69 lì,esidual- effect of dinoseb on emergenee and

growth of wheat in the greenhouse, 1972'

No,

Treatment

1.

2.

3,

4.

Rate (ks/ha)

U

bbR

B,96

17,92

LSÐ ( " 05)

Emergence

( plants/pot )

Table 4,70 Residual

growth of barl-ey in

Á

o

NS

Dry Plant Weight

(e/pot)

No.

Treatment

1.

2.

3,

lr

effect of dinoseb on energence and

the greenhouse' 1972,

Rate (ue/na)

0,79

0. g0

0. 81

0 "73

NS

n

4. ¿l8

B,g6

l?.92

LSD (.05)

Emergence

(plantsr/pot )

5

6

6

NS

Dry Plant Weight

(e/pot)

l+,55

4,59

4 ,6r
¿1,48

ns



Table 4 ,7 L Res idual

emergence and growth

greenhouse, 1972.

Treatment

effeet of dinoseb

of tame oats (cv.

Check

Dinoseb

LSÐ (. O5)

Table I+,?2 Green foxtail emergence after pre emergence

herbicide applications.

l'L+5,

(8,96 xg/na) on

Harmon) in the

P1ants/Pot

Planting
Depth (cm)

5

ns

Dry Wt ,/Pot (e)

0

0

0

0

Herbicide and
Rate (kg/na)

check

zrLþ-D amine L,Lz

2rL+-D ester I,rz
paraquat L.Lz

1, 04

0.92

ns

I

I
I

Seed-Iings Emerging
From 20 Seeds

check

zrl+-D amine L,Lz

2rl+-D ester I,I2
LSD (.05)

Different from the check at the same planting depth'

8,6
l*

0,3
t+

0.2
ìs

2.L

%of
Check

r00

?

2t+

't Lt )t,

13.7

L3,3

2.7

-L\J\J

92
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population under this treatment, as compared to ZT 1.

Paraquat may have reduced the germinatíon of green foxtail

on the soil surface of u ero tillage plots '
c ) discusgion of herbicid.e eval-ualion experínents

The trials vrith paraquat indicated that the rate could

be reduced from I,I2 xg/hai particularily if the spray

volume was reduced to 57 to 6g I/lna. 0n the weed canopy

vrhich was present in these trials, the replacement of

some paraquat by diquat reduced the weed control. Late

evening applications of paraquat were superíor to early

morning applications" The results ín Table 4,72, and

the results obtaíned by Appleby and Brenchley, regarding

the effect of paraquat on germination of seeds of grass

species indicate a possible means by which weed seedling

emergence may be reduced under Trero tiIlage.
The results indicated that lov¡ rates of paraquat shouLd

be applied in approximately 6o t/na spray volume, and

application should be made in the evening. At l-ow rates

of herbicide, diquat shoul-d not be rnixed vrith paraquat.

Bromox¡rnil plus MCPA and. paraquat (0.56 + O.2B US/na)

gave satisfactory v¡eed control in these triaLs. Weed

control was similar to that obtained in large scale trials
in I97I (m 2), In a weed stand wíth a high proportion

of broad-leaved weeds, the bromox¡rniI plus MCPA and

paraquat (0.56 + o,2B ug/na) should be as effeetive as

paraquat plus diquat (0.84 + O.2B xg/na). fn a grassy

y¡eed stand, the paraquat-diquat mixture should be more

effective.
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Dinoseb applieations resulted in very good vreed con-

trol. Residual control- of broad-leaved vreedsr green fox-

tail and v¡il-d oats was observed. In the greenhouse, the

residual effect on wild oats was slight. Crop competition

was probably an important factor in the fíeld trial-s.

\fheat was tolerant to pre emergence dinoseb applications

in both the field and the greenhouse. Barley and tame

oats were tolerant to pre emergence applications of dino-

seb in the greenhouse.

Glyphosate gave good weed control- at l-ow rates of

applieation, The perennial- weed control which can be

obtained at high rates of applicatíon, and the good annual-

weed control- obtained at 1or¡r rates indicate that glyphosate

v¡ould be a satisfactory herbicide for chemical seedbed

preparation.

The herbicide evaluation experiments indicated that

several- herþicide treatments could produce satisfactory

chemical seedbed weed control-. Selective resi-dua1 con-

troL wíth dinoseb was aLso sholvn.

This study clearly índicated that annual weed popula-

tíons were reduced by three years of zero tillage manage-

ment. The species which were reduced in number were

green foxtail, vri.ld oats, green smartweed, and. wil-d buck-

wheat. Perennial- weeds such as quack grass and Canada

thistle were problems under Trero tillage.
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Possible reasons for the reduction of the annual

weed populations are¡

f/ Weed seeds may not have been brought up to the

soil surface where conditions were suitable for

germination.

ii/ Weed seed dormancy may have increased due to

cornpaction in the surface soil layer.

ii,i/ Herbicides, in particular paraquat and 2,4'D,

may have reduced the viability of weed seeds

on the soil surface.

iu/ Crop competition from the vigorous z'eto tillage
stand may have reduced the weed population.

Several herbicide treatments gave good weed control

ín these trials. These are l-isted. in the conclusions.

The weed seed populations v¡ere not influenced by

trvo years of zero tillage. Possibly a longer time period

v¡ou1d red.uce the weed seed population under zeTo tillage.
A longer time period shouLd result in a greater reduction

of the annual v¡eed PoPulati-on.

Crop development was satisfaetory under zero tillage

eonditions, More plants emerged and grew faster under

ze7o ti11age. Root development was símilar under both

zero and conventional- tillage. The crops matured earl-ier

under z,ero tillage and generally produced yields equal to

yields on conventional tíllage plots. Bushel weight'

seed weight, protein content (wheat and barley) and oí1

conten.t (rape and flax) were simil-ar under both zero and

conventional tillage,



rl+9.

Fertility trials indicated that zero tillage plots

produced poorer crops than conventionally tilled plots

v¡hen the fertility level was low, but v¡hen adequate ferti-
lízer r¡¡as applied, z,ero tillage crops outyielded conven-

tional tillage crops. Nitrogen ferti-lizer was used more

efficiently under zero tillage than under conventional

tillage. The results índicated that z'ero tílIage vrould

fit into a target yield program and might result in
higher grain protein contents than could be obtained

under conventional tillage.
In concl-usion, the trials indicated that erops could

be produced without tillage if the plots u¡ere properly

managed.. Figure 4.4 shov¡s stands of wheat and barley

grown under zero tillage management.
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Figure 4.4 Wheat (top) and barley (bottom) grown under zero

tillage at Portage, 1970.
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CONCLUSTONS

1. crops could be produced und.er zero tillage conditions
provided that proper management practices \¡/ere camied
out.

2, The annua] weed populations could. be red.uced. under

zero tillage but perennial weeds presented problems.

3. More crop seedlíngs emerged under zero tillage and.

these seedlíngs grevr more rapidly than seedlings grovrn

under conventíonal tiIlage,
4, Root d.evelopment was not restricted under zero til-

)t

lage conditions,

zero tillage required the use of ad.equate fertilizer
if yields were to be equal to yields obtained under

conventíonal tillage, but high rates of fertilízer
were used more effíciently in the absence of tillage.

6 , Paraquat, vlhen

xg/na) was more

7,

reduced,

Dínoseb at 4,48 and 8.9? trg/ha resulted in good. weed

control and gave resi-duaL control of green foxtail,
wíl-d oats and broad-leaved weeds.

Paraquat, 2r4-D amine, and Zrl4-D ester red.uced, the

gernination of green foxtail seeds whích were on the

soil surface.

Herbicide treatments whích luere effective for zero

tillage seedbed weed controL were¡

i/ paraquat plus d.íquat at 0.84 pÌus O,ZB kgfiia,

applied at l-ow rates (0.28 and. O, j6
effective when the spray volume v/as

t/a



ii/ paraquat plus 2,4-D ester at 0.84

kg/lna,

iii/ bromox¡mil and I\4CPA plus paraquat

0.28 t<g/lna,

iv/ paraquat at 0.28 kg/ha applied in
spray volume,

v/ glyphosate at, 0.56 k{lna.

Yi/ dínoseb at 4.48 and 8,97 xg/lna,

r52,

plus I,I2

at 0,56 plus

6g r/ha
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RECOMMENDATIONS

1, FieLd evaluations of zero tíIlage shoul-d be carried

out to ensure that the benefits of zero tillage can

be realized on a commercj-al scale operatíon.

2" Zero tillage should be evaluated during an abnor-

mally dry season to indicate the value of conservi-ng

moísture in the seedbed.

3. Seeding dates and harvesting dates under zero tillage
should be evaluated.

L+, Stale seedbed crop production should be compared to

zeto tillage production, Stale seedbed production

could serve as an intermediate step between zero and

conventional tillage*

5, Zero tillage should be evaluated in conjunction with

chemical summerfallow ín areas where summerfallow is

considered to be necessary in the cropping rotation"

6. Other erops should be eval-uated for productíon under

z,er.o tíllage. Crops v¡hich are slow to emerge and which

requíre a relatively moist seedbed should respond

favourably to zero tillage,
?, The effect of zeyo titlage on wild oat populations

should be considered. Wild oats are not adapted to

zero tillage conditions. A combination of zero til-
lage and chemícal control could reduce the wild oat

problem.

B. The search for a herbicide, or a mixture more suited

to zero tillage should contínue.
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g, The resi_dual properties of dinoseb shoul-d be further

evaluated to confirm crop tol-erance and weed control.

The greetl foxtail and v¡ild oat control in cereal crops

should. be considered for further testing.

10. The slight difference in tolerance of wild oats and

tame oats to dínoseb should be evaluated in field
trials.

11. The triple disc dri1I system should be raodified. A

larger cutting disc and more convenient depth eontrol

lvoul-d be neeessary for a cornmercial drill.
12. The physical properties of soils under zeto tillage

should be evaluated early in the growing season when

the greatest differences betv¡een tillage treatments

vrould be expected.

L3, The costs of zero tillage should be compared to the

costs of conventional tillage in order that a cost

limit for the herbicide treatment would be known.
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Appendix A-Ia. Meteorological datâ a (temperature)
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Not available.
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Meteorological Observations j-n Canada.
plot site.
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Appendix A-lb" Meteorological data a

Time Period
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Graysville b
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Data not avaílabIe for Graysvil-Ie station. Readings taken
from Carman weather statíon"

b
c
/:l

ô

B,ZZ
¿,+L
2.36
2,92
2 .09
3,07

12,85
2L.62

9,47
r.92
2. 06
2,22
2,28
B. þB

L7,95

8,23
1. 1g
I+,90
l+.zB
0,47
I,g5

L2,79
2I,02

â

ê

Y,t1
2 .03
5,83
5,07
0,79
1" 38

T5,3Q
24,43
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Appendix A-2, Soil characteristics for large scale trials'

Texture

sand (%)

sí1r (/")
Clay g,)

Specifíc gravity

Legal location

Carman

öt-

L2

7

2,50

SW
6-5-zB

1Reference

Sanford

na not available

References

1. Soils Report No. l+, 1943. Report of Reconnaissance
Soil Survey of South-Central Manitoba by J. H. Ellis and WTn.

H. Shafer. pp, BB-89.

2, Soils Report No. 5, I95). Report of Reconnaissance
Soí1 Survey of lVinnipeg and Morcis Map Sheet Areas by W. A.
Ehrlich, E. A. Poyser, Ir. E. Pratt, and J. H. Ellis. PP.
20-27,

3, Manitoba Soil Survey Report No. I7, 1972. Soíls
of the Portage Ia Prairie Area by W. Michal¡rna' R. E. Smith,
and R. A. Milne. pp, 3l+-38, Map No. J6,

11

2B

OI

a lt n4.1+ (

NW
B-18-7

â

Portage

na

na

na

na

SW
r2-6-28

f
J
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Appendix A-3, Nítrate nitrogen present in fertílity trials
at time of seedíng, 1972.

Crop

Wheat Carman

Carman

Loeati-on

BarJ.ey

a

nb
¿r

Treatment

- Carman

Carman

Rape

Zf and Cult

ZT

Cult

B

fI

I'l0a-N
Q<s/na lo 6t cm)

Oarman A

ZI and Cult

7"'I

Cult

Location at
z.ero tillage
Location at
z,ero tillage

22,t+

28.g

29.2

ZT

Cult

Carman where plots were in fírst year of
management.

Carman where plots were in fourth year of
management.

22.4

38,1

38. f

28,g

L9,6



L69.

Append.ix e-4a. Carman croppíng history prior to initiation
of trials.

Year Tillage a

L968

1967

P,C rH

D, C,H

1966 P,D,H

Crop

l-965

Seeding

Date

wheat

flax

L964

l'963

P (fall),
^IJV t ¡t

C rDrH

D,C,H

June 18

June B

wheat June 9

Fertilizer
(ue/na)

flax

11.-4.8-0 @ 106

34- o-o @ 56

23-23-0 @ 34

34- 0-o @ r12

23-23-0 @ 84

34- o-o @ 56

11-¿l8-o @ 34

3Lþ- 0-0 @ 56

?3-23-0 @ 9a

a Tillage
(1

u-

ÌJ -tt -

p=

wheat

wheat

May 28

May ?6

May 18

Yield

fte/na)

legend

cultívated

disced

harrowed

ploughed

2500

13 00

2100

800

2100

2000
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Appendix A-4b. Portage cropping history prior to initiation
of trials.

Year

rg68

196?

1966

L965

l964

]-963

l-962

Lg6L

Lg6o

L959

Crop

flax
rape

wheat

v¡heat

potatoes

flax
wheat

wheat

sugar beets

summerfall-ow

Fertilizer (xe/na)

N@56

11-48-0 @

16-48-0 @

16-48-0 @

t-6-¿!B-0 @

11-48-0 @

11.-48-0 @

11-48-0 @

11-48-0 @

4J and

56 and

56 and

168

t+5

45

t+5

g0

¿/l\(9)o

N@22

N@22



Appendix B-1.

Year

Tillage operatlons.

1969 Disced Cultivated

twice and harrowed

- , Locatign

Carma.n Portage Sanf ord

r97 0

I97T

Disced and

harrowed

Disced and

harrowed

L?T,

Appendix B-2. Seeding dates.

Cultivated

and harrowed

Location

Cultivated

and- harrowed

Cultivated,

disced and

harcowed

Carman

Portage

Sanford

Cuftivated

and harrowed

L969

May

June

June

Disced and

harrowed

29, 30

l? 'lÃ
+J t

May

June

June

Lg70

27, 28,

2

29 May

May

May

L97T

L5,

2Rþv t

13,

16, 18

¿Y

14
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Appendix B-3, Crop varieties grov'm in zeto tillage trials,

Year Location

l-969 Carman

Portage

Sanford

r97o

Manitou

Manitou

Manitou

Carman

Portage

Sanford

L97L

Paragon

Conquest

Paragon

Manitou

Manitou

Manitou

Carman

Portage

Sanford

Noralta

Noralta

Noralta

Conquest

Conquest

Conquest

Manitou

Manítou

lVlanitou

Target

Target

Target

Noralta

Noralta

Noral-ta

Conquest

Conquest

Conquest

Target

Target

Target

Noralta

Noralta

Noralta

Turuet

Turret

Turre'b



Appendix B-4.

(ue/na).

r73.

Fertilizer applied in zero tillage tria.ls

Year Location

1969 Carman

Portage

Sanford

¡¿ltheat Barley
N PzoS N Pzoj

l-970 Carman

Portage

Sanf ord

7t+

67

6g

39

3t+

1?

I97L Carman

Portage

Sanford

7t+

67

6g

25

217

22

Flax Rape -N pzo5 N pz05

39

3Lv

13

4t

34

2B

67

6Z

67

24

2?

22

66

73

6Z

Lt3

3t+

2B

0

0

72

6Z

67

L+5

?B

?B

\J

0

57

66

76

3t+

25

34

0

45

39

34

0

52

25

62.

)o

67

6Z

2T

25

2A

6T

90

7B

22

22

0



Appendix B-5.
scale trial-s.

Year Crop

12lJ

Post emergent herbicides applied in large

1969 wheat

Location

Carman

Portage

Sanford

Carman

Portage
Sanford

Barley

Herbicide

bromox¡mi1
MCPA
bromox¡rni1
MOPA
bromox¡rni1
MCPA

TCA
bromox¡mi1
MCPA
none
TCA
bromox¡rni1
MCPA

TCA
bromox¡rní1
MCPA
TCA
bromox¡rni1
MCPA
m/a 

^.|. \
'oromox¡rní1
MCPA

TCA
TOA
TCA
nitrofen

barban
dicanba *
* mecoprop
barban
MCPA
MCPA

barban
dicamba f
+ mecoprop
barban
MCPA
MCPA

Flax Carman

Portage

Sanford

Rate
(xe/na)

Date of
Applicatíon

0,56

0.56

0,56

L,I2

0,56

I.T2

0,56

4.49

0,56
4.,48

Q.56
4.48

0,56

4,1+B
4.1+B
4.48
r ,34

Rape Carman
Portage
Sanford

I97 O lVheat

July 7

July 10

July 1/

July 3

JuIy 7

¡/
cJ U.ty J-O

July 1f

July 3

JuIy 7
July 10

July 10
July 16

Jul-y 17

July 3
July 10
July 16
July 17

June B

June I7
June 13

h

e

June B

June 17
June 13

b

Carman

Portage

Sanford

Carman

Portage

Sanford

Barley

0.35
2 r4-D

0.56
Q,35
0,7 0
0,7 0

0.35
2 ,4-D

0,42
0,35
0,7 0
0.70



Appendix B-5, Continued.. .

Year Crop

L97 0 Fl-ax

Location

Carman barban
MCPA
TCA

Portage barban
TCA
MCPA

Sanford TCA
MCPA

Carman barban
nitrofen
TCA

Portage barban
TCA
nitrofen

Sanford nitrofen
TCA

Herbicide

Rape

I97L Vilheat Carman

Rate
(ke/na)

L7 5.

0.35
0,70
4,48
0,35
4.48
0.70
4.48
0,70

0,35
I ,3+
4. &B
0,35
4.48
r.34
t, )*
4. þB

Date of
Application

June
July

a
June

b
h

June
June
June
June

b
b

June
June

June
June

June

June
June

June
June

June
June
June
June
June

June

June
June
June

June

Portage

Sanford

B
l+

t3

barban
MCPA
dicamba + 2,4-D
+ mecoprop
barban
dicamba + 2,4-D
+ mecoprop
dicamba + 2,+-D
* mecoprop
MCPA

barban
TCA
dicamba + 2,+-D
* mecoprop
barban
MCPA
m^^r vft
TCA
d.icamba + 2 r[-D
+ mecoprop

Barley Carman

24
2t+
L)

Portage

Sanford

0,28
0,56

0,56
0,42

0,56

0,56
0,7 0

Q,28
1.40

Flax Carman barban 0.28
dalapon l-.40
MCPA 0,56
bromox¡mil +
MCPA 

- Q.56

1

4

r Ir
IL+

14

L6

l_1
r7

It+

14
14
L6
l_o
11

11

?

't ltJ-a

o,l+2
Q.42
Q,56
1.40
2.24

0,42



Appendix B-5. Continued" . .

Year Crop

l97I Flax

Location

Portage

Sanford

d
!(

i(ape

Herbicide

barban
MCPA
dalapon
bromox¡rnil- +
MCPA

barban
TCA
nitrofen
barban
TCA
ni-trof en
TCA
nitrofen

Carman

Portage

Sanford

a

b

c

d

Applied after June 16.

Applied after June L9.

Applied after June 24,

Rape at Carman and Sanford was spot treated with benazolin
at- 0,lO kg/ha for Canada thistle control.

(xe/na)
Rate

I?6,

0,42
Q.35
1.40

Q.56

0.28
4,1+B
!, )*
0,42
4.48
r,3l+
4.48
r,34

Date of
Application

June
June
Jrme

June

June
June
June
June
June
June
June
June

r4
L6
1?

1?

t
)

14
14
I f-\

t-o
11
t{



L77 ,

Appendix 8-6. Post emergent herbicides applied in fertility

trials.

Crop

Wheat

],ocation

Carman B â

0arman A Þ

Barley

Herbieide

bromox¡mi1
+ MCPA

di-camba
+ 2,4-D
* mecoprop

- -aQarman .u

Carman A b

Rape

Rate

(ks/na)

Date of

Appli.cation

bromox¡rni1
+ MCPA

dícamba
+ 2 rl+-D* mecoprop

Carman A TCA

benazolin

Q.56 June 12

Zero tillage plots under first year of nero tillage
management,

Zero tillage plots under fourth year of z'ero tillage
management.

Q,56 June 12

0.56 June 12

0.42 June 12

)r LtR

0,7 Q

June 20

June 20



L7B.

Appendix c-1. Number of seeds in l.J meters of crop row.

Crop

Wheat

Barley

Flax

Rape

196g a

56

76

168

73

Lg?o + 19?1 b

Calculated from I97O + L97I values,

Determined for L972 seeding operations,
seed and. the same seeding rates as used
years,

Calculated for I970 and 1971 data.

o)

Bg

196

B5

Standard
Deviation c

2

4

14

2Q

with similar
in previous



Appendix C-2, Harvesting detaíls for experimental samples from large scale trials.

Year Location

L969 Carman

Sanford

Portage

L970 Sanford

Portage

all crops

Crop

all crops

v¡heat , barley &
rape

L97I Carman

Sample Size (meters )

vrheat
barley, flax &
wheat & barley
fl-ax
rape

Z,u

2,4

flax 7-.2
5,1+

r,2
rape I,2

L12
I.2
5 'l+

Sanford
Portage

wheat & flax
barley
rape

wheat,barley &
wheat & barley
flax
rape

L06.6

106,6

r52,2
30.5

L06.6
l-06,6
L52,2
76.r
30,5

106.6
106.6
L06.6

l-06,6
l-52,2
L06,6
r52.2

x
X

x
X
x
x
x

T,2
2,4
I,2

flax 1.2
I,2
r.2
r.2

swathed and combined with a
commercial combine
swathed and combined v¡ith a
commercial com'loine
cut and stooked
swathed and combined with a
commercial combine

cut and stooked.
straight combined (Hege tZ5)
straight combined (ltege f25)
straight combined (Hege f25)
swathed and combined with a
eornmercial combine

Harvest Method

x
X
x

x.
x
x
x

straight combined (Hege
straigh-b eombined (Hege
desicated and straight
combined (Hege I25)
straight combined (Hege
strai[trt combj-ned (Hege
straight combined (Hege
desicated and straight
combined (ltege I25)

125)
l-25)

r25)
l,25)
l,25)

P-{
v



lRn

Appendix A4a. Equation derived by Alkier et al-. (1972)

for calculation of percent protei-n.

%p = g.60 + o,L86xr2 + 0. 0000124xr3 + o,oz)Zy

0. 000000 2+y3 o , ooo3? 5x1s * 0. 000001 6oxr2Y +

(R2 = o,78oo) (SEa = ! a,g5)

fst+ Significant at the L/' level.,

a Standard error of estimate.

where %P = percentage protein in the grain (N x 5.7 on a

l-3, 5/" moisture basis ) ;

x1 = soil nitrate-nitrogen content measured to a depth of

61 cm (ksN/ha); and y = fertilizer nitrogen applied

at time of seed.ing (kgN/ha).

Appendix C-3b, Equation derived by Racz (personal communi-

cation) for ealculation of percent protein'

o+ 0,0Q00662y'
^0, 000000LJxyVá

,
%p = g,86 + o.0JB6x1 - o.0oo128xr"

O. 000138x1*2 (r2 = o .73)

r¡rhere %P = percentage proteÍ-n in the grain (N x 5,7 on a

l-3.5% moisture basis ) ;

*1 = soil- availabl-e nitrogen content measured to a depth of

two feet; and xZ = pounds/acre of nitrogen applied at

time of seeding.

+ 0, OJJlx2 O. 000049 5*ZZ



Appendix C-4." Wheat yie1d, observed protein content and calculated protein content.

N Applieda Ca1culatgd
(r"g7lna) Proteino

0

)+

6Z

101

l-34

202

269

re zd' zÆ le cul,Te ALKTERf

lf .3 !2,8

12.2 L3,L+

13. o 14.1

13. B 14 "g

L4,4 15,6

L5,4 l6,?
¡/ ^l-o . l- r'( .l

Observed Proteino

1l-.4

12.5

L2,5

14. r
1þ. B

L). V

L5.T

a
b
c

/l

An additional IO kg/ha nitrogen was drilled with the seed as 11-48-0.
percentage protein"in the grãin (N T -5.? on a L3,5% moisture basis).
percentale irotein calcula{ed accordiñg to equation supplied by Racz, Appendix c'3b, for
zero tillage trials.
percentage protein calculated. according to the equation derived by Alkier et al. (L972),
Appendix-C-3a, for zero tillage trials.-
Ðata obtained'in nitrogen res[onse tria] where plots were under the first year of zeto
tillage management.
Extraõted frõm Alkier et al. (1972),

12,0

13.1

14. 0

].4,4

ll+.6

L4,4

r4 "6

l2,I
LT,7

T2.T

13,4

L4,6

15,6

l_6. 0

T,\ le cuÏ,Te ALKTERf

Yield ke/ha

2533

2930

3r+74

35BB

3656

)yo)

3730

2863

3300

3468

33It7

3259

??1 A

327)

1400

2040

2290

2560

27Lto

2730

27r0

% of. Zero N

ZT 1 CULT A],KIER

100

IT6

l.37

L42

rUt+

r57

l47

100

11/I tl

TzI

LI?
r r J,rl-ry

TLz

114

100

l46

t_o+

lR"

196

tY)

rg4

H
æ
F



Appendix D-l. Chemical names of pesticides.

Common Name

amitrole

azinphosmethyl

barban

benazolin

bromox¡mi1

captan

dalapon

dicamba

dinoseb

diquat

glyphosate (wtol¡ 2L39)

hexachlorobenzene

lindane

malathion

maneb

MCPA

mecoprop

nitrofen

J-amino-s -triazol-e
0, O-dimethyl S ( 4-oxo:I, ?, )-berrzo-triazin-) (4H)-ylmethyl) phosphoro-
dithioate
4-chloro -2 -butynyl m-chloroc arban-
iLate

þ-c hloro -2 - oxobe nzothiazol in-J -ylacetic acid

l, J-dibromo -4-hyd roxybenz onitrile
N-trichlorome thylmercapto -4-cyc 1o -
heximide -1, 2 -dic arboxímide

2 rZ-diehloropropionic aeid

3, 6-dichl-oro-o-anisic acid

2-s ec -butyl-4, 6 -dinitrophenol
6,? -alnydrodipyrido (L,Z-az2',I' -c)
pyrazinediium ion

N-(phosphonomethyl ) glycine

hexachlorobenzene

1, 2, 3, 4, 5, 6-hexachloroeyclo-
hexane

diethyl mercaptosuccinate, S-ester
v¡ith 0, O-dimethyl phosphorodithioate

manganese e thylenebisdÍthïocarbamate

( (4-chloro-o-to1y1)oxy) acetic acid

2-( (¿l-chloro-o-to1yl) oxy) propionic
acl_o

2, 4-dichlorophenyl p-nitrophenyl
ether

Chemical Name

IB2,



Appendix D-l. Continued. . .

Common Name

paraquat

TCA

2 rl+-D

1, 1'-dirnethyl-4, 4'-bipyridinium ion

trichloroacetic acid

(2,4-dichlorophenoxy) acetic acid

Chemical Name

183.



Appendix D-2,

barley a

barnyard grass b

black medic

bluebur

broadleaf plantain

buckwheat (tane)

Canad.a thistle b

common dandel-ion 
b

conmon groundsel

common speedulell

field horsetail

flax a

foxtail barley b

green foxtail b

green smartweed þ

hemp nettle
lady's thumb

lamb's quarters b

oats

perennial sow-thistle

prostrate knotweed

pygmyflower

quack grass

rape a

Common Name

lratin names of plants.

Hordeum Ig!B4. L.

EchinochLoa crus-galli (L. ) Beauv,

Medicago lupul-ina L.

Lappul-a echinata Gilib.
Pfgntaflo major L.

Fagopyrum esculentum Gaertn.

Círsium arvense (L. ) Scop.

Taraxacum officinale Weber

Çenecio y14€gþ I",

Veronica officinalis L.

Eguisetuln arvense L.

Linum !@ L,

Hordeum jgba-!¡4m L.

Setaris viridís (r,, ) Beauv.

Polygonum scabrum Moench

G_aleopsis tetrahit L.

Polvgonum persicari-a L.

Chenopodium afbum L,

Avena sativa L.

Sonchus arvensis L.

Polveontm avículare L.

Androsace septentrlosalís L.

Agropyron repens (r-,. ) Beauv 
"

Brassica na'pus L. var q4nua Koch

Latin Name

lB4.



Appendix D-2. Continuedo . .

red-root pigweed

Russi-an-thistle

stinkweed. b

wheat a

v¡iId buckwheat b

wild carrot

wíl-d oats b

rn¡íld mustard

Common Name

Amaranthus retroflexus L.

Salsola kali L.

-

Thlaspi arvense L.

Triticum aestívum L.

Polygonum convolvulus L.

Daucus g4I9þ L.

Avena fatua L.

-
Brassica kaber (ÐC.) I,.C. Wheeler

latin Name

aA
bA

185.

crop grovrn

major v¡eed

Ln

at

experimental- trials.
one or more locati-ons.



Appendix E-1.

conventional

186.

Soil fertilíty analysis of Portage zero and

tiIlage, JuLy 2Ç, 1969,

Nutrient

Nitrogen

(kg/ha

Crop

N03-N to

6t cm)

wheat

barley

flax
rape

Phosphorous

( available

ppm)

ZTT

Treatment

Z\ 2 Cul-t

14

14

26

12

wheat

barley

flax

rape

L5

14

23

L6

Potassium

( ava.ilable

ppm)

LSD

(.05)

L)

14

14

I6

ö

7

C .V.

(/')

v¡heat

barley

f l-ax

rape

NS

NS

ns

ns

7

7

B

11

2T

BB

44

o(

H

6

-l

2L0

2r0

240

260

NS

NS

NS

NS

2L0

L75

220

260

49

)t
I7

zo

225

220

245

zt+o

NS

NS

NS

ns

23

22

t7

Ig



LB7 ,

Appendix E-?, Nitrate nitrogen (kg/ha to 61 cm) under zero

and conventional ti11age, July 1970,

Location

Carman wheat

barley

flax
rape

Crop

Portage wheat

barley

flax
rape

ZTL

Treatment

94

57

+)

29

ZT 2 Cult

75

o)
,^*o)

27

Sanford wheat

barley

flax
rape

LSD

(,05)

6o

44

3B

53

44

2B

tv
26

(1 1¡

(%)

39

41

"R

36

NS

ns

1r)+f

NS

+Ê Diff erent compared to the eul-tivated treatment.

39
l. ¿+,

þ1

3t+

52

35

27

22

5.2

1.8

77

4g

B4

NS

ns

NS

NS

2r7

94

Lþ3

)+

3o

116

ltn+(

10

3I+

33

24

NS

NS

ns

NS

103

B5

3o

3r



Appendix E-3,

conventional

location

Available phosphorous

ti11age, July L970,

Carman wheat

barley

flax
rape

Crop

lRR

(ppm) under zero and

Portage v¡heat

barley

flax
rape

zgl
Treatment

ZT 2 Cult

ry
T

l+

o

6

o

Sanford

LSD

(.05)

7

B

9

10

wheat

barley

flax
rape

c.v.
(%)

NS

It(

9

9

7

4r

75

5r
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7

7

7

7
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10

7

NS

13

T2
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B
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NS

NS

I2
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T?

Y

22
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4Z
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NS

ns
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Appendix E-4.

conventional

Location

Availabl-e potassium

tillage¡ July 1970,

Carman wheat

barley

flax
ra.pe

Crop

1Bg.

(ppm) rxrder 
^ero 

and

Portage wheat

barley

flax
rape

ZT1

Trêatment

235

TB5

180

2l-0

ZI 2 Cult

235

180

185

f70

Sanford

LSD

(.05)

l-75

zLO

235

2t+0

260

230

220

265

wheat

barley

flax
rape

c. v.

(%)

zt+5

2l-0

205

2t0

NS

ns

ns

ns

250

200

250

250

2T

2B

20

?2

6Bo

705

o))

585

670

6zs

665

6oo

NS

ns

NS

NS

7L5

Øo

6zs

tö,

'r ,lJ_a

1l_

20

25

ns

NS

ns

NS

?2

11

10

10



Appendix E-5.

conventional

Nutrient

Soil fertility analysis

ti1lage, May 9, 1972,

Nitrogen

(t<.s/ha

N03-N to

6t cm)

Crop

ín L97L

190,

of Cp.rmå.n zeto and

Wheat

Barley

Flax

Rape

Phosphorous

( available

ppm)

Treatment

ZT 1 CULT

)¿

26

40

)o

Wheat

Barley

Flax

Rape

Potassium

( available

ppm)

LSD

(.05)

¿Y

1^

?R

Lt'z

l¡ ¡ V r

(%)

7,5
.n*
),4

+&(n

ns

ns

NS

NS

Wheat

Barley

Flax

Rape

á,R

6,7

6.3

6,3

åT Different compared to the cul-tivated treatment.

11

32

20

12

NS

1.4

1.1

ns

190

rB0

205

ß5

r-75

]90

L65

L95

14

1?

41

NS

ns

NS

NS

1Q]U

tn

24

T2



Appendix F-l. Summary of weed population differences found by Schwerdtle (1970).

Species

Galíum aparS-ne
Lamj-um amplexicaule
Lamium purpureum
Polygonum aviculare
Polygonum convolvulus
Polygonum persicaria
Raphanus raphanistrum
Sinapis arvensis
Sonchus oleraceus
Stellaria media
Thlaspi arvense
Veronica hederifolia
Veronica persicaria

Alopecurus myosuroides
Avena fatua o

Corn

Poa annua

+a

Cirsium arvense
Convolvulus arvensis
Sonchus arvensis
laraxacum officinale
Agropyron repens
lõriüm perenñe c

Winter Wheat

++

+
++

+
++

+++

++

Footnotes on page L92,

Cro'o

Summer Barley

il-
+
+++

+
+

++

0ats

+
++++

.tl. -
+
+

+
++++

+

Fíeld Beans

+

+
+

+
+

+

+

H
\o
F



rg2,

+ indicates a significant reduction of the species
population under direct seeding, - índicates the
reverse sÍtuation.

tended to be lower under direct seeding but differences
not significant.
present at only one l-ocation.



Appendix F-2, Agropyron repens (1. )

rotovated, and direct seeded wheat'

Schwerdtle (L970),

Year

L966

L967

1968

Plowing

I,JLaz

2l-.J6a

r,)4a

Beauv. in plowed,

extracted from

Year

Rotovating

rg66

t96?

1968

Pl'ants/mZ

r ,63a

32.37a

97,64]0

r93,

Plowing

B. J6az

22,68a

7 ,50a

Direct seedi-ng

Fresh Vireieht (e/n:?)

Values in a row followed by

different at the 5% Level of

Rotovating

3,87a

25r.43b

Bo0,37c

42 ,3ra

)4 .69ab

2r5,7Lb

Ðirect seeding

86,69a

B2r.56b

3226,42c

the same l-etter are not

significance.


