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ABSTRACT

I^/a11, David Alexander. M.sc., The university of Manitoba, May, rgg2.

Reduced Tillage Field Corn (Zea mays L.) production in Manitoba

Major Professor; Dr. E.H. Stobbe.

Field studies were conducted on field corn (Zea mays L.)

various conventional and reduced tillage cropping systems and

management practices to determine the effect on soil physical

crop growth, development and yield. The performance of eight

was evaluated under conventional and zero tillage to study the

of hybrids to zero tillage cropping practices.

under

s trar^7

properties,

corn hybrids

adaP rabiliry

corn under zero tillage exhibited delays in emergence, silking and

maturity, reduced plant populations, dry matter, plant height and grain

yields. The negative effects of zero tillage on crop performance rùere

attrj-buted to poorer seed placement and lower soil temperatures. The

lower soil temperatures and higher soil \,7ater content whích occurred

under zero tillage vrere attributed to the presence of a barley straw

mulch on the soil surface.

The performance of the corn grordrt under conventÍona1 ti11age, in

which the seedbed had been prepared the previous fall, r¡/as superior to

all other treaiments examÍned. The superior performance of the fall

tillage treatment was considered to have resulted from improved seed

placement and greater soil moisture.

The removal of the barley straw mulch from the soÍ1 surface promoted



X1

earlier silkíng and maturity, increased plant heights, populatlons and

grain yields ín corn. The removal of the stra\,r mulch resulted in

i.ncreased soil temperatures relative to where the straw mulch had been

retained.

The eight hybríds examined exhibited similar responses to zero tí11

-age during the growing season. At harvest, however, the hybrids exhibited

a differential yield response to tillage. Four hybrids; pioneer 3995,

Pride R102, Pride R108 and Pickseed 2322 vtere not affected by zero tiflage,

while the remaining hybrids; Pickseed 2111, Asgrow RX22, Pioneer 3992 and

Funks G4065 exhibited reduced grain yields under the zero tillage treat-

ment -



INTRODUCTION

The move xo zero or no tillage for field corn production has been

an important development in many areas of the u.s. corn bel-t. Emphasís

has been placed on field corn production under zero ti]-.l.age due to the

importance of corn to the dairy índustry. Much of the u.s. dairy

production is located in areas where the land is to steep for cultivation

wÍthout excessive soil erosion (shear, 1968). under zero tíIrage, corn

may be gro\trl on steep sloping land with a minimum amount of so1l erosion.

corn yields under zero tillage have been reported to equal or exceed

those recorded under conventíona1 tillage (Moody et a1., 196r; Jones

et a1.,1968). Current extimates of crop land under zero tillage in the

U.S. are 2.9 million hectares or 3.27. of that under conventional tillage

crop production (I^lilley , f982) .

A number of crops have been successfully grown under zero tillage

on the canadian prairies, includíng; wheat, barley, flax and rapeseed.

Attempts to produce field corn under zero tillage, however, have not

been successful.

The objective of this study rùas to compare the growth, development

and yield of a corn crop under various tillage and strarv management

pracÈices and to assess the effect of these practices on soil moisture

and soil temperature. A further objective r47as to determine whether corn

hybríds varj.ed Ín adaptation to zero tirrage cropping practíces.



LITERATI]RE R.EVIEI^I

Tillage and Mulch Effects on SoÍ1 Moisture

Much of the success of corn production under systems of reduced

tillage has been attribuÈed to the conservation of soil moisture. A

number of studíes have shor¡n soil moisture to increase in the surface

layers of the soÍ1 under zero tillage relative to conventionally ti1led

soils (Jones et al., 1968; Tríplett et al., 1968; stanholtz and Lillard

L969; Blevins and cook, L970; Lal, r974). Generally, rhe differences in

soil moisture beÈween zero and conventionally Ëilled soil decreased with

increasing soíl depth and also as the season progressed (StanhoLtz and

Lillard, 1969; Blevins and Cook, 1970). Several studíes have shov¡n thar

the ability of corn to survive períods of short term drought was increased

with zero tillage cropping practices (Stanholtz and Li1lard, L969; Blevins

and cook, I970; Ga11aher, r977). Gallaher (I977) reporred rhar removing

the rnulch associated with the zero tillage treatments decreased the

abil-ity of the corn to wíthstand drought. The importance of the mulch

vlas paramount to moisture conservation under zero tillage. Many of the

moisture conserving attributes of zero til-1age; reduced evaporatíve loss

of soil moisture, reduced surface runoff and increased infiltration have

been attributed to the surface mulches formed by the prevíous crop residues

(Jones et al., 1968; Tríplett et al., 1968; Blevins and Cook, 1970;

Harrold et a1., L9703 LaI, 1974).

Studies examining Èhe use of mulches have shor'm soil rroisture to be



increased in the surface layers of the soil (Larson et al., 1960; Moody

et al., 196I; Moody et a1., 1963). Moody er al. (1963) reporred a

seven fold decrease in surface runoff when 3 tons/acre of r¿heaÈ straw

was applied to a bare soÍ1 surface. Triplett er al. (i968) reported

increased infiltration with increasing amounts of chopped corn stover

mu1ch. Decreased runoff and increased infiltration may account for the

initial increase in soil moisture during arrdfor after periods of precipi-

tation, but it does not directly account for the greater soil moisËure,

relative to bare ground, observed during periods of drying. rncreased

soil moisËure during soil drying occurred primarily due Lo a reduction in

the evaporative loss of moisture from under mulches (Russel, 1939; Moody

et a1., 196I; Jones eÈ al., 1968; Blevins and Cook, 1970; Stanholtz and

Li11ard, L969; Blevins et al. I97L). Russel (1939) determined that mulch

-es prolonged soil dryíng r¿hich allov¡ed greater penetration of \,rater,

further, mulches decreased evaporation, in part by obstructing solar

radiation. Bond and l^Iillis (1969) reporËed that mulches reduced the

initial rate of evaporation, but, given prolonged periods of drying the

cumulaËive evaporative losses rdere nearly equal for all levels of nulch

and bare soi1. The reducÈion of evaporative moisture loss from the soil

r¡/as greatest when the soil cover was complete, (Willis, 1962). Grebb (i966)

reported that evaporative losses of soil moisture decreased in a linear

relationship to the amount of straw applied to Ehe soil surface, up to

90"/" soLL coverage (3,360 ke/ha). Russel (1939) found rhar light applica-

tions of straw (2 tons/acre or 41500 kg/fra) were almost as effective in

reducing evaporation as were heavy applications (16 tons/acre or 35,900

kg/ha). Moisture conservaÈion by mulches occurred primarily when the



cumulatíve evaporation between successive rainfalls v¡as less than Ëhat

of bare soil (Russel, 1939; Bond and Willis, 1969).

As prevíously stated, the difference in soil moisture between bare

ar,d zero tilled (nulched) soils decreased as Ëhe season progressed.

Stanholtz and Lillard (1969) suggested that the decrease in moisture

differences betr¿een zero tilled and bare soils occurred due to the

revapotranspiration phenomenont whereby early season losses of soil

moisture occurred prirnaríly by evaporation fron the soil surface. LaÈer

in the season the growing plants shaded the soil surface and reduced

evaporation, aË t.his point ËranspiraÈional losses were the maín pathway

of soil moisture 1oss. Transpirational losses would be assumed to be

similar for boÈh zero tillage and convenÈionally grolrn corn.

Tillage Effects on Soí1 Bulk Densíty

The effects of zero tillage on soil compaction vary according to

the soíl Lype. Cannel and Finney (1973) found that the bulk density of

soils under zero tillage \¡Ias greater than on convenËíonally Ëilled soi1s,

except on light textured and high organic matter soi1s. Several studies

have shown increased soil bulk densíty where corn \^ras produced under zero

Èillage (triplett et al., 1968; Harrold er a1., I97O; La7, L974). Harrold.

et al. (1970) reported no difference in soil bulk density below Ëhe surface

7'5 cnr of zero and conventionally Èilled soils. Shear and Moschler (1969)

and Blevins and Cook (1970) reported no dífference in soil bulk densíty

beËween zero and conventionally till-ed soils when the soil type was a

1oam.



Tillage and Mulch Effects on Soil TemperaËure

The importance of soil t"rp.t"ì,rre at seeding is due to the minimum

temPerature at which corn will germinate, generally Èhis Ís accepted Ëo

be about 10oC (Arnon, 1975; Sprague, Lg77). At the rime of seeding, soil

temperatures belor¿ 10oC may delay and/or reduce germination. Soil temp-

eratures may be influenced by a number of factors, including; tillage,

crop residues and shading of the soil surface by the growing p1ant.

Allmaras et a1. (1972) found that soil temperatures at planting were

up to 2oC warurer on conventionally tíI1ed soil r¡here plor+ing had been

done in the fall as opposed ro spring plowing. The timing of the tillage

operations appeared to influence soil temperatures at seeding. In the

absence of tillage, there ís evidence to indicate that soil temperatures

are lower than on tilled ground (Stanholtz and Li11ard, 1969: Blevins anci

Cook, I97O; criffiÈh et a1., 1973; LaL, L9743 Mock and Erbach, 1977;

Gauer, 1981). However, 01son and Schoeberl (1970) found that soil Èemper-

atures during the early season were not different between conventional and

reduced tíllage treatments.

Under zero tíllage, maxÍmun soíl tenperatures \,Jere reduced to a

greater extent than rrere the minimum soil temperatures (Stanholtz ar'j

Li11ard, L969; Blevins and Cook, 1970i Gauer, 1981). The effecr of zero

tillage on soil temperature has been found to decrease wíth increasíng

soil depËh (Stanholtz and Lillard, 1969). The observed reductions in Èhe

ÈemperaËure of zero tilled soil were attributed to the presence of

previous crop residues r,¡hich formed a nulch over the soil surface

(Blevins and Cook, L970; Gríffith et al., L973; Mock and Erbach, 1977).

Under reduced tí11age, as the amount of residues íncreased the soil temp-



erature decreased (Griffith et al., L973; Mock and Erbach, 1977).

Larson et al. (1970) reported that the residues from a 100 bu/acre corn

crop reduced soil temperatures at the 10 crn depth by about 1.loc or

about 0.4oC for each 900 kg of crop residues. Burrows and Larson (Lg62)

and McCal-i-a and Duley (1946) reported that soil temperatures decreased

wiËh increasing rates of crop residues. Gauer (1981) at the University

of Manitoba, reported that no depression in soil temperatures occurred

under zero tiTLage when the crop residues had been removed. Further, it

was also reported xhaL zero tilled soils wiËh a crop residue mulch were

periodically warmer in the early spring than convenËionally ti1led soil

or zero tilled soils from r¿hich the mulch had treen removed.

A number of studies have reported Ëhe effects of stra\,ü mulches on

soil temperature similar to those of tillage. Mulches tend Eo affect

maximim soil temperatures more than minimum soil temperatures (Van Wijk

et 41., Ig59t Burrows and Larson, 1961; Moody et a1., 1963; Onderdonk and

Ketcheson, 7973a). The effecE of depressing maximum soíl temperatures

wiËhout extensively altering the minimum temperatures resulted in a

decrease in the diurnal fluctuation of soil temperatures. The diurnal

fluctuation decreased rvith increasing rates of mulch, as well as ¡,¡ith

increasing soil depth, (McCalla and Duley, 1946; Burro\"rs and Larson, L962).

The effects of mulches on maximum, minimum and mean daily soil Ëemperature

decreased with both increasing soí1 depËh and as the season progressed,

however, the effect of the mu1ch never completely disappeared. As the

plants grew and began to shade the soil the dÍfference between mulched

and bare soil became 1ess, shading had the same effect as a smal1 amount

of mulch, (McCa11a and Duley, \946; Burro!üs and Larson, 1961). Mulches



tended to resulË in warmer soiLs when the soils were coóling, as in the

fa1l, and cooler soils when the soil-s were warming, as in Ëhe spring

(McCa11a and Du1ey, 1946; Burrows and Larson, Lg6Z).

Several mechanisms are involved in the reduction of soil Lemperatures

by roulches. shading of the soii- surface by the mulch or by the growing

P1ant resulted in Ëhe occlusion of solar radiation, (B1-evins and Cook,

7970). As the solar radiation is occl-uded Ít is unable to v/arm the soil.

Dead grass sod and straw mulehes contain non-moving aír r¿hich acts as an

insulator, as a result, straw mulches have low heat conductivities, this

may reduce the rate of heat penetration and release leading to delays in

soil warming and cooling. Reflectivity or albedo is perhaps the most

important property of sEraw mulches affecting soíl temperature. Burrows

and Larson (1961) stated that soil temperatures under mulches are reduced

because less heat energy reaches the soil surface due to the reflection

of heat by the stra\^r. Mccalla and Duley (1946) determined that bright

clean straw reduced soil temperatures to a greater extent than <iid

decayed strar,,r. Decayed residues, after six months, did not reduce soil

tempeïatures by more than ! or 2oc. The reflectivity of the surface

residues decreases as the residues undergo decomposition and weathering

(cruse eË a1., 1980). A combination of increased decompositíon and

weathering of crop residues as ¡¡e1l as increased shading of the soil by

the growing plants may account for the decreased effects of mulches on

soil teurperature, relative to bare ground, l-aËer in the season.



The Effects of Tilla and Mulches Èhe Perfonnance of Field Corn

Germination and Emergénce

Few references were found concerning the effects of tillage on the

germinaËion and emergence of corn. llock and Erbach (7977) reported that

corn seedlings emerged earlier from conventionally ti11ed soils than

from those under reduced tillage, the reduced tillage treatments had the

lowest seed row temperatures. Unlike many of the annual cereals; wheat,

barley or v¡i1d oats, which are rel-atively unaffected by soil tempeïature

during germination and emergence (Dubetz et a1., 1962), corn exhibÍts

specific temperature requirements. It is generally accepted that little,

if any, germination take place atfor below 10oC (Arnon, 1975; Sprague,

1977). Dubetz eË al. (1962) and Alessi and Por¿er (197I) determined rhar

no germination occurred at temperatures of 6.0 and 6.7oc, respectively.

The effect of strarnr mul-ches on emergence may simulate emergence

under reduced tillage cropping. Delayed emergence under straw mulches

corresponded to observed reductions in soil temperature beneath mulches

Qt^Iii-1is et a1 ., 1957: Burrows and Larson, 1962). Emergence occurred

later with increasing rates of mulch, at B tons f acre it was physically

inpossible for the corn seedlings to emerge through the mulch (Burrows

and Larson, 1962).

Soil Ëernperature effects on germination and emergence have been

studied extensively. McAdam and Hayes (1978) have shown certain genotypes

to germinate more readily at lor¿er temperatures than other genotypes.

In general, soil warming reduced the tiine for germination (Rykbost et al.,

1975; Cooper and Law, L97B). Iremiren and Milbourn (1979) have shov¡n Èhat



soil warning inproved the percentage germination. Tillage or mulch

treatments resulting in incre.ased soil- temperatures decreased the time

beÈween sowing and emergence (I^lillis et al-., 1957; Dubetz et a1 ., 1962;

Adans, 1967; Ketcheson, 7970; Alessi and power,7971; phillips and

cochrane, 1975; Rykbost et al., 1975: rremiren and l"Iilbourn, rgTg) .

RooË Growth and Development

The effects of tillage on corn root gror^/th and development have

not been extensively studied. Tillage is knovm to affect a number of

soil physical properËíes, ineluding; bulk density, moisture and temper-

ature, whieh in turn uray influence root growth and development. Lal

(1974) reported root grovrth during the early sËages of growth to be

depressed by zero tillage. Greateï compaction of zero tilled soils has

been aËtributed Èo restricting the extension of the seminal roots in

spring barley (E11is er a1., 1977). Barber (1971) characrerized corn

rooËs gro\üì under zero tilLage as being of a larger diameter and fewer

in number, with the zone of maximum root density located within 10 cm

of the soil surface. Similar fÍndings have been reported by Onderdonk

and Ketcheson (1973a), having shov,rn Èhat under a mulch of chopped corn

stoverr corn roots l¡¡ere typical of nodal adventitous roots. Further, it

was detennined that soil temperatures were reduced by the mulch while

soil moisture was increased only after periods of precipitatíon. Barber

(1971) suggested that decreased root grorüth under zero tillage rnay be

attributed to inhibitory decomposiËion products released by the straw as

it undergoes decornposition.

straw mulches associated with zero tillage have been found to delay
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the death of corn plants by maintaining root activíty for a longer

period of time (Ga11aher, 1977). Gallaher (1977) has shown greater root

actívity deeper in the soj-l in the presence of a strav¡ mulch, this

suggested a tnore developed root system existed under the mulch, which

was better able to utilize soil moisture than Ëhe corn root system formed

under zero tílLage in the absence of the mulch.

The effects of soil temperature on corn root gro\^rth are understood

to a greater extent than are the effects of tillage. Geotropic response

mechanisms which determine the directÍon of radícle growth may respond

to soil temperature. High soil temperatures have been found to result

in vertíc1e growth of corn radicles, while decreasing soÍ1 temperatures

çto tZoc¡ resulted in horizontal radicle growth (Mosher and Miller, I972;

Onderdonk and Ketcheson, 1973b). Below 170C onderdonk and Ketcheson

(L973b) reported a return to verticle radicle growth.

optimum soil temperatuTes for root growth have been suggested in

several studies. Walker (1969) determined Ëhat the optimum temperature

for corn root gro!üth was 26oC, with significant reductions in root dry

matter accumulation occurring at temperatures on either side of this

optimum. Grobbelaar (1963) stated that the optÍmum soil temperature for

corn root growth occurs between 20 and 30oC. Root growth ¡¿as practically

inhibited at 5oc. The 26oc optímun should be considered only in

general terms as other studies have suggested that the opËimurn soil

Èemperature for rooÈ growth is determined by the genotype of the corn

under study (Porter and Moraghan, 1975; McAdam and Hayes, 1g78).

seeding into cold soils (12oc) has been shovrn to d.elay ïoot gro\.^rth

(ca1 and obendorf, 1972). Beauchamp and Lathwell (1967) have reporred
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increase root branching and dry weights at 1ow

Little ís knov¡n about root configuration under

and temperature regimes. The r¡ork of Allmaras

1973) has suggested that root configuration is

and soil temperature such that straw placement

factor in determining the configuration of the

Shoot Dry l"Iatter

soil temperatures (15oC).

various soil moisture

and Nelson (I97 I and

affected by soil moisture

may be an importanË

corn root system.

Reduced tillage systems tended to result in increased plant dry

matter (Moody et a1., 1961; Moody er a1., 1963; Jones et a1., 196g;

Shear and Moschler, 7969). These studies have often shown increased

dry rnaLter production corresponding to increased soil moisture and,/or

reductions in the amount of tillage. Other stud.ies have, however, shov¡n

plant dry matter, particularly that of corn seedlings, to decrease when

gro\,7n under reduced tí11age (Mock and Erbach, rg77). Along with rhe

reducËion in dry matter there occurred. a corresponding decrease in soj-1

temperature with decreasing amounts of tillage (Mock and Erbach, Ig77).

Inlalker (1969) has shov¡n the optimum soil temperature for shoot dry

matter production ín corn seedlings to be 26oC, the same as Ëhat reporËed

for root dry matter production. Temperatures on either side of the

optimum resulted in a reduction in the dry matter producÈion. Several

studies have concluded that the average weight of dry matter per plant

increases with i-ncreasing root zone temperatures for both seedlings

(Burrows and Larson, 1961; Mederski and Jones, 1963; irralker , 1969:

Ketcheson, 1970; Phillips and cochrane , rg75; Mock and Erbach, rglT)

and the mature plants (Mederski and Jones, 1963; Ketcheson, 1968;
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Phillips and cochrane, 1975). However, Beauchamp and Larhwell (1967)

reported that at predetermined grovrth stages, seedling dry matter

decreased with increasing rooË temperatures from 15 to 25oc.

Inlhere the soil surface is covered by a straw mulch, reductions in

soil temperâture could be expected to result in decreased seedling dry

weights and possÍbly reductions in the mature plant dry matter content.

Påant Heighr

The rate of plant growth under systems of reduced tÍ11age appears

to be related to those factors, in the soil enviroment, most limiting

to the rate of growth and which may be influenced by the degree of

tillage; soil moisture and soil temperature. Plant height is frequently

used as an índicator of corn gro\,rth. under zero tiLJage greater plant

heights have been reported relative to conventional tillage (Moody eË a1.

796I; Jones er a1., 1968). Increased plant height under zero tillage

may relate to the presence of cereal stïar¡/ or corn stover mulches.

Triplett et a1. (i968) reported that plant heights i.ncreased wirh

increasing amounts of chopped corn sËover. rncreased plant height ín

the presence of mulches has been attributed to increased soil moisture

beneath the mulches. Other studies have shown plant heights, particul-

arly during the early stages of growÈh, to be depressed by reduced

tillage (criffith et al., 1973; Mock and Erbach, rg77). Griffirh er

ar. (Í-973) have shov,¡n reducrions ín plant height correspondíng to

decreased amounts of tillage and increasing ground cover (crop resi-dues).

Mulches have been found to depress soil temperatures resulting Ín

decreased plant heights. Increasing rates of mulch v¡ere found to result
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in further depressions in soil te¡aperature which corresponded to

reductions in plant height (Larson et al-., 7960; Burrows and Larson,

I96L). Increasing the root zone tenperatures have been observed to

stimulate corn gro\^/th resulting in greater plant heights Q,Iillis et al .,

1957; Mederski and Jones, 1963; Jones and Mederski, 1963; Kleinendorsr

and Bouwer, L970; !'Iatts, I972a; Watts, I972b).

Reductions in corn growËh in response to suboptimal root zone

teDperatures occurs by two mechanisms. By separately regulating the

temPerature of both the roots and the meristematic region, Kleinendorst

and Bouwer (1970) were able to shov¡ that v/hile the meristematic region

was maintained at a temperature condueive to growth, the rate of leaf

extension was relatively unaffected by suboptimal root temperatures. It

v¡as further shov¡n that mainËaining the roots at a temperature favorable

for growth would not compensate for reductions in the rate of growth

caused by maintaining the merisËematic region at 1o¡¡ temperatures.

Reductions in the rate of growth induced by soil temperature effects on

the meristematic region persist onl-y while the meristematic region

remains below ground. Once it is elevated above the soil surface, aír

temperature regulated the temperature of the meristematic region

(Cooper and Law, 1978). Reductions in growth at lorv meristematíc temper

-atures are thought to result from a supression of biological processes;

cell division, ce11 elongatÍon and cellular respiration (Beauchamp and

LaËhwe11, 1967; Kleinendorst and Bouwer, 1970; I,iatts , 1972b).

The second mechanisrn by ¡¡hich 1ow soil temperatures depress plant

growth is by a loss of leaf turgor pressure (Kleinendorst and Bouwer,

L970; Barlow et a1., 1977). Decreased leaf LTater potential resulted



t4

from a reduction in the permeability of the root to !üater at low root

Èemperatures. Barlow et a1. (1977) have suggested, however, that the

loss of Lurgor was due to a reduction in the root hydraulic cond.uctivity

at the low root temperatures.

suboptimal root zone temperatures affect both the root and the

meristematic region resulting in decreased leaf elongation. Temperature

reductions, in the ïoot zone, below 15oc have been found to affect the

growth reductions índuced by the roots to a greater extent than those

reductions induced by the meristematie region (Barlow et a1., rglT).

At I2.5oC, Barlow et al . (Ig77) determined that leaf elongation ceased.

Leaf Production

Mock and Erbach (L977) had derermined that corn seedlings gro\,,rn

under reduced tillage produced significantly fewer leaves than those

grovrrl under conventional tillage practices. SimÍ1arly , CaL and Obendorf

(I972) reported that seeding into seedbeds with low soil temperaÈures

resulted in juvenile plants having fewer Leaves than those sov¡n into

warm seedbeds. A greater number of leaf primordía were found to be

initiated ín the r¿arm soils, resulting in an increase in the final

number of leaves produced per corn plant (cooper and Law, 1977). similar

i-ncreases in final leaf numbers were attributed to warmer soils during

early plant development (Beauchamp and Lathwe1l, 1966; cooper and Law,

r97B).

Silking and MaturiËy

A nurnber of studies have examined the effects of mulches and soil
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temperature on the development of corn. As prevíous1y índicated reduc-

Èions Ín soil temperaËure may resul-t in delayed emergence. In addition

to emergence, delays have also been reported in silking and maturity,

resulting from decreased soí1 temperatures. The time to 502 silk

decreased in a linear relatíon to increasing soil temperature (Carr , Ig77).

The days to 50:l silk were advanced by as much as 11 days by artificially

increasing the soil temperatures (Jones and Mederski, 1963; Adams , I97o;

Phillips and cochrane, 1975; Rykbost er al., 1975; rremiren and Milbourn

I979). Straw mulches are reported to depress soil temperatures resultíng

in delayed silkíng (I^Ii1lis er a]-., 1957; Mock and Erbach, rg77).

The effect of tillage on the rate at which corn reaches maturít-rz

has not been well documenÈed. lfock and Erbach (1977) found that the

percent grain moisture at harvest. v/as not consistently affected by tíllage

practíces. Griffith et al. (1973) reported rhat, depending on the

location, as the amount of ground coveï (crop residues) was increased,

maturity was delayed. In addition, those tillage systems which retained

the greatest amount of ground cover had the lowest soil temperatures.

The effect of mulches may be more important than tillage in determining

maturity. Gallaher (1977) reported that corn gro\"m under zero tillage

in the presence of a rye mulch matured later than corn gror,,jn in the

absence of a mulch.

The effects of soil temperature on maturÍty may be related to the

effects of tí11age and mulches on the maËurity of corn. using the

percent grain moisture as an indicator of maturity, corn was found to

mature earlier when grovrn under a v/arm soil enviroment (Willis et al.,

1957; rremiren and Milbourn, 1979). Kercheson (1968) illustrated thar
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the earliest maturity for

air temperatures occurred

Grain Yield

corn I^7aS obtained when both warm soil and warm

together.

Graín yíe1ds from corn produced under zero tillage may equal or

exceed that obtained from conventionally groTrrt corn (ìfoody et a1., 196I:

Jones et a1., 1968; Tríp1ett et al., 196g; Jones, 1969; shear and

lufoschler, L969; stanholtz and Lillard, 1969; Blevins et a1., rgTr) .

Greater soil moisture is frequently attribuËed to increasing yíe1ds

under zero ti11age. In drought years the moísture conserving character-

istics of zero tillage have been irnpl-icated r,¡ith significant increases

in yieLd (Jones er a1., 1968; Lal, 1,974). under drought condírions

McCormick and Mackay (1973) found that zero tillage did not exhibit the

expected yield advantage over conventionally grown corn. The importance

of a straw mulch under zero tillage for increasing yield has been well
documented. Gallaher (I977) determined that corn grolrn under zero

tillage i'rith a rye mulch had developed a more extensíve root system r¿hich

!üas better able to utilize soil moisture than corn growrr under zero

tillage in the absence of a mulch. The more extensive root system

contributed to the mulched corn yielding greater than the unmulched

corn. Yield íncreases under zero tillage are related to moisture

conservation, which is determined by the pïesence and rate of mulches

(Triplett er al., 1968; Jones er a1., 196g). Triplerr er a1. (196g)

suggested that the anount of straw cover uray influence yield to a

greåËer degree than ti11age.

Yield reductions under systems of reduced tillage have been reported
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(Bolton and Aylesr¿orth, L957; McCormick and Mackay, I973; Mock and

Erbach, I977). These yield reductions resulted primarÍly from reduc-

tions in plant populations. With a conmon plant populatíon no dífference

in corn yield occurred between conventional and zero tillage (McCormick

and Mackay, 1973; Mock and Erbach, 1977). Reduced plant populations

under zero tíllage \,/ere attributed, in part, to variable seed placement,

the seed frequently being sown on the soil surface (McCormick and l"Iackay,

I973). Sirnilar findings \Àrere reported by Mock and Erbach (I977),

however, the reductions in plant populations under reduced tillage were

accounted for by a reduction in soí1 temperature. Increasing soil

temperatures have been found to result ín increased plant densities,

contributing to increased yields (Phillips and Cochrane, 1975: Iremiren

and Milbourn, 1979). In addition to Ëhe effects of temperaËure and

variable seed placement on plant populations, heavy concentrations of

stra!/ may prevent euergence, Burrows and Larson (1960) reported that at

a mulch rate of 8 tons/acre corn seedlings were physically unable to

emerge through the mu1ch.

Asíde from the effects on plant populations, soil temperature may

also influence yíe1d by directly affecting the p1ant. rncreased soil

temperatures have been reported to result in increased corn yi_elds

(Larson et al., 1960; Mederskí and Jones, 1963; I^Ii11is et al., 1957;

Ketcheson, I97O; MacMillan and l'li1lette, I971; Phillips and Cochrane,

1975; Cooper and Law, 1978; Iremiren and Milbourn, 1979). trIillis er al.,

(1957) reported corn yields increased wíth increasing soil temperature

to 74-75oF (at a 4 inch depth), thereafter further increases in soil

temperaËure resulted in decreased yield. Cooper and Law (1978) demon-
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strated that signifÍcant yield íncreases could be obtained by maintaíning

warm soil temperatures for as short a period as one week following

germination. Soil temperature has been shov¡n to influence the number of

grains per ear and also the grain weight (Phillips and Cochrane, L975;

Cooper and Law, 1978). Iremiren and Milbourn (1979) reported a decrease

in the number of grains per ear with increasing soil temperature, although

they did also report increased grain weight at the \¡rarmer soil tempera-

tures.

The affects of air temperature cannoË be overlooked in discussing

grain yie1d. Ketcheson (1968) found that aír and soil temperatures

interacËed to influence grain yeil-d. The greaËest corn yields resulted

from a combination of 1ow air and high soil temperatures. High air and

low soil temperatures resulted in the lowest grain yields.

Cooper and Law (I977) reported a linear relationship between the

plant dry matter at 5 weeks posË emergence and the final grain yield.

It was determined that the dry matter at 5 weeks post emergence rras

strongly related to both soil and air temperatures as well as soil

moisture during the first fíve weeks of growth. Greater dry matter at

five weeks resulted in increased grain yields ín corn.

Differential Growth of Hybrids in Response Ëo Soil Temperature

No information was found regarding the differential growth of

hybrids ín response to tillage practices There is, however, inf orrna-

Ëion regarding the differential growth of hybrids in response to soil

temperature, this evidence nay apply to reduced tillage situations r¡hich

result in depressed so11 temperâtures. McAdam and Hayes (1978) have
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shown that some hybrids are able to germinate at lower soil temperatures

than oËher hybrids. Several studies have suggested differential growth

of hybríds in response to soil temperature (Jones and Mederski, 1963;

Ca1 and Obendorf, I972; Maclean and Donovan, I973; Porter and }foraghan,

1,975). Maclean and Donovan (f973) observed Èhat corn hybrids with high

heaË unit ratings were less sensitive to 1ow soÍl temperatures during

early groi+th. Jones and Mederski (1963) have shown Ëhat r¿hi1e soí1

warming íncreased the yield of one hybrid, it decreased the yield of

several others. The possibilíty that hybrids vary in the optimun root

Ëemperature for growth r¡as illusËraÈed by Porter and Moraghan (1975)

having shown two hybrids differed ín response to varying root zone tenip-

eratures. Porter and Moraghan (1975) concluded that one hybrid

exhibited an opËimum root temperature of 74-24oC while the optímum for

the other hybrid was in excess of. 24oC. Cal and Obendorf. (1972)

suggested that the differentía1 growth of corn hybrids may be related

to the relative cold sensitivity of the meristematic tissue.
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MATERIALS AND METHODS

Experimental Site

Field experimenÈs \,rere conducted in 1980 and 1981 at the Department

of Plant Science fÍeld station, Portage la Prairie. The soil type \,ras

a Gnadenthar loam (Michalyna and smith, 1972), the surface layer having

a partícle size distribuÈion of L47. sand, 5L7" siJ.t and 352 clay. In

1981 the hybrid/tillage experíment \,ras situated on a Dugas clay

(Michalyna and SmiËh, L972). The experimental site was established on

barley stubble. The barley \^ras gro\4m the previous year under conven-

tional crop management practices.

General Procedures

Tillage Experiments

The effect of tillage and stra\,r cover on crop performance and soil

physical properties \das examined using a sp1ít-b1ock experi-mei-rtal

design v¡ith four replicates. The experiments compared tillage and crop

residue levels. Tillage v¡as exarnined using various degrees and combina-

tions of primarv and secondary tillage. Plots were 25 meters in length

and consisted of four rows having a 76 cm rorv spacing.

Two residue levels v/ere examined by the removal of strar,/ from half

of each plot. St¡aw removal was accomplished by hand raking in 1980 and

by the use of a side delivery rake and baler in 1981. No estimate of

the amount of straw removed is available for 1980, however, the strar,J
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removed from the 1981 tillage experiment was baled and weighed providing

an estimated straw removal of 21000 kg per hectare.

Primary tillage ranged from complete soil dísturbance by rotovation

to minimal soil disturbance using zeto tlrLage seeding techniques.

Spring tillage served as the conventional till-age treatment for the 1980

tillage experiment, while two forms of conventional tillage were examined

in 1981, differing in the timing of the tillage operations; spring vs

fall priurary tíl1age. A sunonary of the conventional tillage practices

employed during the two years is presented in Table 1.

TABLE 1. Conventional tillage practices.

Treatment Operarion Number of
Operations

Time of
0peration

1 980
Conventional Tillage-Spring

198 I
Conventional Tillage-Spring

Conventional Tillage-Fal1

Deep Tilled
Rotovation
Packed

Deep Tilled
Rotovation
Harrorr¿ed
Packed

Deep Ti11ed
Double Disced
Harror¿ed
Packed

Spring 1980
Spring i980
Spring 1980

Spring 1981
Spring 1981
Spring 1981
Spríng 1981

Fa1l 1980
Fal1 1980
Spring 1981
Spring 1981

1

2

1

I
1

1

I

1

1

1

I

Tr^¡o

directly

differed

ahead of

r¡ere used

forrqs of zevo tillage

into existing barley

only in the shape of

double disc openers.

\,üere examined, both involved seedíng

stubble. The zero tillage treatments

the cutËing coulters which r¿ere mounted

Straight and fluted cutting coulters
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An inËermediate tillage treatment was exarnined in 1981. This

treatment employed an International Harvester strip rotovator, in sËubb1e,

to till a 10 cm wide band of soil prior to seeding, leaving the interrovr

space in an undisturbed condition. A separate operation LTas required

following rotovaÈion to seed the corn into the ti11ed strips.

Secondary tillage, or interror¿ cultivation, ¡¿as conducÈed ¡^¡hen the

corn plants \,üere 15-30 cm tall. Interror¿ cultivation was performed trnrice

each year to a depth of 5 cm.

The tillage experinents r"¡ere seeded wíth the graÍn corn hybrid

Pioneer 3995 flcorn hear unir (cHU) rating of 2L50, (Field crop Recorn-

mendaÈíons for Manitoba, 1980)]. seeding was done rvith a John Deere

Model 71 f'1exí-planter, which v¡as modified by the addition of a second

tool bar to allow for the att.achment of cutting coulters when seedÍng

the zero tíllage pJ_ots.

Fertilizer and pest.icides \ùere applíed as required and are

summarízed in Tables 3, 4 and 5 of the appendix.

The hybrid/tíllage experiments were established to compare the

performance of corn hybrids under zero and conventional tillage. Eíght

hybrids vrere exanined in 1980 and 1981 as indícated in Table 2. The

hybríds studied ranged in corn heat unit. ratings from 2150 to 2550 CHLr:

(Field Crop Reconrmendations for Manitoba, 1980).

The performance of the hybrids was examined under both conventíona1

and zero tillage croppíng practices, using a split-plot experimental

design with four replicates. The plots eonsisted of four rows having a

76 cm row spacing and were 25 meters in length.



¿J

TABLE 2. Hybrids

CHUl
Rating I 980 I 981

X

X

X

X
X

X

X
X

X

X
X

x

1 Corn heat unÍt

Fertilizer and pesticides \,rere applied as required and are sufiìmar-

ized in Tables 3, 6 and 7 of the appendix. rn addition to chemical

weed control, interror¿ cultivation of the conventional tÍ1lage plots

was employed as needed to contTol weeds.

Measurement of Soíf Physical Properties

Soil Moisture. Soil moisture was determÍned volumetrically to a depth

of 20 cm. Four sampling depths were used; 2.5,5.0, 10.0 and 20.0 cm,

with two samples taken in each plot. Soil samples were taken on a weekly

basis for the first six weeks after seedíng and thereafter at t\^7o Ëo

three week intervals up to the beginning of September.

Volumetric soil moisture was determined by inserting a metal ring

of a knor^¡n volume (23.89 cc) into the soil at a prescribed depth. The

ring containing the soíl lJas renoved and the excess soil trímmed from

both ends. The samples were weÍghed, oven dried, rer.reighed and the

i,reíght of \.rater per unit weight of soil was calculated. The weight of

\.vater was then multiplied by the soil bulk density to determine the

volumetrÍc soil moísture content of the sample. Volumetric soil moj-sture

Pioneer 3995
PÍckseed 21Il
Asgrow RX22
Pride R102
Pioneer 3992
Pride Rl0B
Funks c4065
Pickseed 2322

2150
2200
2250
2350
2400
2400
2450
2550
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\.rIas expressed as the percentage of r¡ater per unlt volume of soil.

The method described above also allowed for the calculation of

soil burk density (gms/cc), which is the weight of oven drled soil

divided by the volume of soil.

soil temperature. soil temperature lnas monitored from the time of

seeding to mid-september. Temperatures in the seed rorv were recorded

at depths of 2.5,5.0, 10.0 and 20.0 cm in two replicates and one

location per plot. Soil temperature \ras measured usÍng Lhermocouples

mounted on r¿ooden stakes and inserted in the soil to a predetermined

depth. A Carnpbell Scientifj-c CR5 Digítal Recorder Ì¡/as used to record

soil temperatures at 3 hour intervals. rn I981, soil temperatures

were recorded períodíca11y in the interrow space and seed row of the

rotovated stríp and zero tillage-straight coulter treatments. soil

temperatures for Ëhese periodic readÍngs \¡/ere measured using thermo-

couples and a hand held i^Iestcor dÍgital thermometer.

Crop Performance Measurements

Emergence. Plant counts were conducted from the tíme emergence \.ras

first observed until no nevr plants emerged. Emergence \,,/as defined as

Ëhe point at r¿hich the coleoptile became vísibl-e above ground. The

final plant emergence count served as the basis for cafculating the

plant populations per hectare for each treatment.

Dry Matter. Plant samples were collected on three occasi-ons in both

1980 and 1981 to determine the average r,reight of dry matter and the

percent dry matter per plant. seven to ten plants r¡ere collected per
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TABLE 3. TÍ1lage rrearments, I9B0

Tillage Treatment

Primary Tillage Secondar¡r Tillage

Conventional Tillage-Spring None
Conventional Tillage-Spring Interrorü Cultivation

Zero TilLage-Fluted Coulter None
Zero TiTlage-Fluted Coulter fnterrow Cultivation

Zero Tillage-StraÍght Coulter None
Zero TiTLage-Straight Coulter Interrow Cultivation

TABLE 4. Tillage trearmenrs, 1981

Tillage Treatment

Ptimary Tí11age Secondary Tillage

Conventional Tillage-Spring None
Conventional Tillage-Spring Interro\rr Cultivatlon

Conventional Tillage-Fal1 None
Conventional Tillage-Fall Interrow Cultivation

Rotovated Strip Tillage
Rotovated Strip Tillage

None
Interrow Cultivation

Zero Tillage-I'luted Coulter None
Zero Tillage-Fluted Coulter fnterrorv Cultivation

Zero Tillage-Straight Coulter None
Zero Tillage-Straight Coulter Interror,r Cultivation
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TABLE 5. Treatments from which soÍ1
collected,1980

temperature data rvas

Tillage TreaLment
Straw Cover

Prímary Tillage Secondary Tillage

Conventional Tillage-Spring

Zero Tillage-Fluted Coulter

Zero TiTIage-Straight Coulter

None

None

None

Retained

RetaÍned

Retained

TABLE 6. Treatments from whích soil
co11ected,19B1

temperature data was

Tillage Treatment
St rar,¡ Cover

Primary Tillage Secondary Tillage

Conventional TÍl1age-Spring

Conventional Tí1lage-Fal1

Rotovated Strip Tillage

Zero TiLlage-Fluted Coulter

Zero TiTIage-Straight Coulter

Zero Tíl1age-Straight Coulter

None

None

None

None

None

None

Retained

Retained

Retained

Retained

Retained

Removed
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ploË and the average fresh and dry røeight

for calculation of the weight and percent

$IAS

dry

determined, a11owíng

üatter per planË.

silking. The days to 507á silk were calculated based on the number

of days from seeding until 501^ of the plants samples in each plot

had silked. Plants r^7ere considered to have silked when the sÍlks

became visible exterior to the ear.

Plant Height. corunencing in early June of both years, plant heights

were recorded periodically throughouË the growing season. plant

height was recorded as the height of the plant to the tip of the

upper most leaf extended. The plants to be measured were chosen

aÈ random throughout the p1ot, in 1980, 6 to 15 plants per plot r^rere

sampled while 15 plants per plot \r7ere measured in 1981.

Leaf Production per PlanÈ. The average number of photosynthetic

leaves per planË was deter:mined in 1981. only those leaves which

were stilI green \¡/ere counted as being photosynthetic, thís excluded

Èhe basal leaves which had already senesced at Èhe time of the leaf

counts.

Grain Yield. Due Ëo a severe black bird infestation grain yield was

based on the average weight of grain per harvested ear. rn 1980 the

average sample size ¡¿as 1"0 ears per plot, while in 1981 the sarnple

size was increased to 13 ears per p1ot. rn 1980, to ensure a harvest

sample, a number of ears were bagged at random with 16 lb Kraft bags,

the ends having been stapled shut around the base of the ear. These

bags offered effective protection to the ear, however, upon becoming



28

wet the bags soon came apart at the seams allorving for further bird

damage. rn 1981 pollination bags were used whích proved to be of a

stronger construction than those previously employed.

Graín Test trnleight. Two 500 m1 samples of grain \.vere removed f rom tire

shelled yield sample and weíghed. The two samples \,/ere averaged and

the weight r,/as expressed as grams/O.5 1itre.

Percent Grain Moisture. The gravímetric moisture content of the

the time ofgrain was calculated based

harvest.

on a grain sample collected at

Experimental Design

Tillage Experírnents

A split-b1ock experimental design was used for the tillage

experiments to facilitate the removal of stra\.v. Main plot treatments

were the 1eve1s of ti11age, whíle the straw 1eve1s, located in strips

across the replicate, comprised the subplot treatments.

In both years, trro strai^7 treatments \¡/ere examíned; stra\^/

retained and straw removed. Tables 3 and 4 summarize the tillage

treatments.

The data presented for soil physÍcal properties \ras obtaíned

from the tillage experíments. Measurements of soíl bulk density and

volumetric moisture content of the soí1 were taken in plots which had

not received interrow cultivation (secondary tillage). Treatments

from which soil temperature data r^¡as collected is indÍcated in Tables

5 and 6.
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Measurements of crop performance were collected from all treat-

ments of each replicate except; emergence, seedling d.ry matter and

seedling heights which were determined prior to secondary tillage

operations. Prior to secondary tillage duplicate tillage treatments

existed in each replicate. Crop performance Tras assumed. to have been

the same for duplicated treatments making it unnecessary to conduct

plant counts for emergence in the duplicated treatments. Plant counts

were made in those treatments which were designed not to have secondary

tillage. SirnÍlar reasoning applies to the measurements of seedling dry

matter and plant height measurements made prior to secondary tillage.

Hybrid/Tillage Experiments

The performallce of hybrids under conventional and zero tÍllage

r¡/as compared using a split-p1ot experimental design. The main plot

treatments rvere comprísed of hybrids while the subplots were the two

levels of tillage under which the hybrÍds were examined.

Measurements of crop performance were made for arl plots and rep-

licates. rn 1980, rhe silage hybrids; pioneer 3992 and Funks G4065

v¡ere handled as sÍlage, consequently graín yield, grain moisture and

graÍn test weight was not obtained for these hybrids. All hybrids

regardless of designation; grain or sÍlage, r^rere handfed as grain

hybrids in 198I.

Experimental Analysis

Data gathered from both tillage and hybrid/tillage experiments \^7as

handled in a similar manner. Crop performance data was subjected to an

analysis of varj-ance with the appropriate tests being conducted where
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índicated by the F-tests. Multiple comparisons were made using the

Duncans Multiple Range Test, while pairwise comparisons ü7ere made using

Èhe Least Significant Difference (LSD) method. AlI statistical tests

were conducted at the 5"/. i-evel of significance. 0n1y those differences

significant at tlne 5% leve1 r,¡ere consídered as meaningful.

Soil- moisture and soil bulk density was analyzed by depth and in a

símilar manner to the crop performance measurements.

Soil temperature \^ras not subjected to statistical analysis due to

the volume of data collected. Temperature data \,/i11 be presented graph-

ically and the trends examined. Seasonal means were calculated for the

mean daily and weekly mean maximum and minimum soil Èemperatures for the

four depths examined.

Línear correlations were evaluated for crop performance data to

determine what factors, if any, influence the later development and

yield of the crop. Correlatíon of soil physÍcal data with crop perform-

AnCe I¡/AS nOt made-
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RESULTS AND DISCUSSION

Tillage Experiments

Volumetric Soil Moisture

Differences in volumetric soil moisture occurred betr¿een the

primary tillage treatments in both 1980 and 1981. Generally, the

differences in soil moisture betweeri treatments decreased with increas-

ing soil" depth, at the 10 and 20 crn depths the differences, for the

individual sampling dates, \^rere not usually signifícant (Tables 7 to 14)

Sinilar findings have been reported in the li-terature by Stanholtz and.

Lillard (1969) and Blevins and cook (1970). rn borh years, rhe grearesr

differences between tillage treatments occurred early ín the growing

season.

Significant differences between tillage treatments \,rere noted for

Èhe 1980 seasonal mean volumeËric soil ruoisture contents at t]he 2.5 and

5 cm depths (Table 15). The seasonal mean moisture content v¡as lower

under the conventj-ona1 tillage-spring treatment than under the zero

tiLlage-straight coulter or zero tillage-fluted coulter treatments.

The soil- moisture content did not differ betr¿een the t\^ro zero tillage

treatments, although greater soil- disturbance was noted with the fluted

coul-ter than with Ëhe straight coulÈer. Soil moisture would have been

expected to be lower under the zero Èi11-age treatment r,rhich resulted in

the greatest soil disturbance. The seasonal means for the tillage

treatrnents did not differ at or below the 10 cn deprh.



TÀBLE 7' volætrlc aoll elsturc at 2.5 cn under vãrloua tlllage and atrsv EanagmenÈ practlces, 19g0,

Convent lon6l Till tge-Sprf nB
Z€ro llllaße-Fluted Coultèr
Zero llllage-St16lght Coulter

RÊ tr lned
Remved
L. S. D.

ConventlonllllllaBe-Sp¡tn8 Retrtned
Reæved

Z€roTtll¡gc-plutedCoulter Retrlned
Rercved

Z"roTllllge-StrrlBhtCoulter R€taloed
Reúved

Prtury Tfllag€

Tre6tÉnt

Strds Cover

SlBntflcrot rt the 0.05 lcvel.
Vâlu.r elthln th€ coluñi follored by the s6æ letter dre not sfßntflc€ntly dlfferent.

HãY 11

15. l8 b
26. 16 a
26.01 r

2i.38
2t,67

7. 05

15. 58
15.18
25. r0
27,21
29 .45
22,60

TÀBLE 8' vol@trlc soll @lsture at 5.0 cu under varlous tlllage snd atrãe Mnaßerenr prsctrces, r980.

.lune 2l

7.81 b
18.95 a
16.89 a

l7,ll
1t.98
5, :16

7.4J
8.27

2l .98 a
l5.ql b
22.on a
11.78 c

Convent lonrl Tll låBe-Sp¡lnB
Zero Tlllage-Fluted Coul ter
Zero Tlll6Be-Stral8hÈ Coulte¡

July 2

PrlEry llltd8€

3r.4t
11. 56

Treatænt

July c

t2.t5 b
21.59 €
17.21 €h

I l. l5 I 8.04 2i.44r
fo.76 t5:9',' t9.c5
4,08 e.27 f.2A

Conventlonôl Tllloße-SprlnB

Zero Ttlla8e-pluted Coulter

Zero Tllla8e-Straltht Coulter

SohpllnB DEte

d
d

July I 5

30.4 0
3l .98
i2.55
10. 28
17. l0
lo. ol

19.40 c
21.t8 b
24.58 a

Strou Cover

26.4 bl
37.84 a
19. lB a

Retdlned J4.15
Remved 34 . 91
L.S.D. 8-ss

t slBnlflcãnr dt the 0,05 level.

August I

I1.90
l2 .40
22.48
20 ,10
1q,75
l4.to

I válùea qlthln colune follosed by ¡he aãne letter are not slBnlflc¿ntly rllfferent

9 .78
t2.81
12.26

10.8c
t2.i4
1.97

8. l8
il.t8
I t. t8
r4.45
ll.l3
I 1.40

¡lÁy I l

rluguet l5 AuBUBt 29 Septe.ber 4

t8.91
t9.88
2'l.of
lq.t3
28.-18
20.68

28, 99
ll.l4
2C,95

lo.3l
29.73
3,J4

29.08
28.90
32 ,90
29,38
29.00
l0, qo

Re ta t ned
nemved
Retalned
Retuved
R0t0lncd
Rcmved

June 2:!

14.58 b
25.19 a
25.29 d

t5.t'l
28. 18

9 .12

8. 15't

20.5'l
18.51
12.25
lB.2t
l1. 15

24 ,80 b
29. l9 !
28.14 a

28.25
26.90

4 ,88

24.90
24.10
30. 28
28. l0
29. 58
27.90

July 2

25.08
27.7A
i7,60
:18.08
'lg. 70
19.05

12.6J
3t!,24
15.09

27,11 b
15.61 ¿
3!.44 a

3t .24
31,00
4.t7

21,10
27 ,1t
36. ll
34.90
15. 38
3t.50

Iuly 9

10. 14 b
'15. 't¿¡ a

16,08 a

J4 .85 i2.98
3i, t2 14 .72
4.80 2.O7

Scason6 I
lþen

Ssnpllnß Date

.luly I 5

¡9.65 b
25. 34 ¡
24.74 a

21.20
22.28

I .41

19.t2 d
19. 98 d
26,20 !b
24.48 bc
21,O6 a
22,19 cd

21 .60 h
24 .7 9 elJ
28. 70 a

27.?t
27.8J

8 .05

21 .75
22 .38
2\ .10
21.a8
't2. t8
25.21

l't.45
:11 . 80
3t,41
15 .05
J1.68
'ì2 . 50

^ußust 
I

Jt.70
28.58
16. ',t8

:ì4 . 
.)0

36. 0ß
16. 08

ll.06
18.14
t7.96

16,84
15.91
6.17

14.0t
12. t0
l1-tA
18.80
lc.oì
l6. CO

Außust I 5

32 .35
Jtr.75
33.24

11.31
11. 58
4.22

32.28
J2,hl
l4 .00
:ì5.50
11 , (,5

32.81

AuBuat 29

21 .61
10. 76
29.68

29,2i
29.48
1,27

26.21
28. c8
32 .7A
28. 75
28.65
10, 70

Septer¡,er ó

28. ',ttl b
31,41 i
32.09 o

3t .62
t0. 96
6,86

29 .13
27,60
lt. lo
lr,5l
t2 ,4)
tt.15

Sersondl
lleen

25. 16 b
30. 52 a
30.81 a

28.56
29.25
2. t5

24 ,92
25.80
29.9t
ll.rl
10.85
10. 82

L.)
NJ



ÎA¡L¿ 9' vol@trlc eoll DlEturc 6t 10.0 ctr wder varloua tLlloge Énd atrsv uanagerent practlce'. 19g0.

Conrcntlon!l Ttllrge-gprtnB
Zcro Ttlllgc-flut€d Coúlter
Zèro lllhg€-Strálßht Coulter

Prturt Tlll6tc

Trê.tEnt

Connntlmrl TlllaBe-SprtnF

ZËro lfllrtÊ-Plutèd Coulter

Zero 111h8e-Str¡lBht Coulret

StrsH Cover

40.8 l
. 18.01

t 3.3i

Retalnêd (0.¿ I
Rercved 4 I .06
L.S,D. 8.48

Ret6lned 1.O.43
Remved I.l .23
Retslned 38.50
Remved J7,55
Retalned 42.io
Rercved 1.4,40

Háy 13

TABLE l0' Yoluætrlc soll rclsture at 20.o cE under vqrloua ttllABe and atrae mdnâgerent practlcea, l9go.

June 2J

28.2q
3t1.2J
30,81

Convent lonrl Tt I lage-SprtnB
Z€ro ltllage-Fluted Coulter
Zero Tlll6ge-Stral8ht Coulter

Ret€lned
Remved
l,.s.D.

Conventfonal Tllláge-Sprlnß Retalned
Remvarl

ZeroTlllate-FlutedCoulter Retatned
Remved

ZeroTlllage-StralBht Coulter Retalned
Remved

Prlurt Ttllr¡e

J!1y 2

35. 85
17. 51
36. tO

27.6t J|.27
34 .62 15. 7 I
7,5t 9.48

2J.91 3s.50
J2,65 t6.18
2c.18 3q.63
39.08 15.¿0
2C.51 16.65
32.tJ 35.55

1rlrtænt

JuIy g

31 .?.4 il .86
17. l8 29.e(l
17.6 r 32.26

36,47 1t.86
38. 15 10.87
4.16 4 .'t2

Sâmpl fnß Date

July l5

Strg9 Cover

AuBust I

3c.t8
15. to
18. l5
36.40
31.13
J7 .90

Slßnlflcanr st the 0,05 leve1.

25.56 12.c5
2t1 .2r. 15. t I
21 ,96 35.t5

2J,44 31.70
25.71 15,5 1

4.3J 2.9t

Hay 13

Auguat l5

43.6J
41.28
4J.23

J2.7A
10. q5

2C.l5
10. 58

J7.45
11.08

June 23

^uBu6t 
29

42.10 tl.56r
4 l. l3 19.60
6.26 5 . t¿

12.98 29.tlA
44.28 31 ,A5
¿0. 80 t4 . 98
t l.75 40.25
t 2 .53 io.2'l
4 1, s5 40.10

11. 66
J7 .6t
J5 .46

24.90
26.2i
2'1.6J
24.85
21,80
26.t1

33.59
12.3t
32,1t

13. 51
32.21
2.85

35.61
11.55
32.60
l2.ol
32 ,10
33.t3

Jvly 2

18.45
39 ,05
17.85

Septe¡ber 4

3l .90
34 ,00
31,88
36. t5
35.l3
36. l8

.lul y 9

12.18 31,22
31.81 3J.62
31.39 31.78

31.91 33,12
31.41 33,96
5.01 2 . l5

31.46
38.44
4t.01

19.43 40,74
37,48 31.2t
9.61 5.44

39.40 lq,95
37.50 14.a8
40.75 ¿1.t3
i7.15 35.75
38,t1 41.t5
37,58 40.90

sampl Ine Date

Seaaon¡l
ll€ tn

July l5 AúRu6t I

J2.78 28, f4
30.6t 26.60
32.2J 26,60

J2.16 27.2q
ll.l8 21.O7
2.85 9.72

12.73
12.83
33.08
14.55
29.9J
32. 38

AuRUst l5

32.115
31,l0
3r.25
29.98
:r,98
10.48

tJ.02
31,4 1

ll.ltt
34 .09
33, l8
]4.J2

34.48
'12,90
ll.9l

13.48
34.05
2.9A

ll .81
37.t3
12.58
31.2-t
16. o5
ll,80

Au¡ust 29

21 .55
29. lJ
27,Oî
26.20
27 .31
25.88

34,19
36.19
tl.4l

34.t5
:t4 . c8

I .12

3¿ .01
34.'t5
l7.to
l5 .28
ll.cl
l4 .90

seDteab€r ¿

J4.74
15. l5
Jt .43

35.20
34. l8
6. l8

34 .98
34,50
l(.75
15.95
r5.88
32.C8

Seosonal
Heá o

15. ll
35.14
J5. t5

35. t9
35 .49

2. 50

34.14
35.9t
15. 59
l5,08
35,25
35.t 6

(,
u)



T ILE l¡. vollctrlc soll ælsture rt 2,5 cú under vsrtous tlllage and BttaH mna8&ent practlce8, l98l.

Conwntlonal ltllate-P6Il
Convent lon!l Tt llrB€-Sprfng
Rotov¡ted Strtp llllsSe
Zero Tllh8e-Fluted Coulter
Zero Tlllagest16lght Coulter

Reta lned
Remved
L,S.D.

Conventlonrl Tlllage-Fall Retslned
Remved

Conventlonrl Tlll6Se-Sprtng Retálned
Remved

Rotov€ted Strlp Tllh8e Retalned
Remved

Z€roTfllage-PlutedCoulter Retalned
Reñoved

ZeroTllloBe-StralBht Coulter Rerelned
Remved

Prtury Tll lage

Treatænt

Strw Cover ¡fây 13 Háy 19 Hoy 26 Jtne 2

21,75 a I
t2.25 h
21.49 I
20.80 s
20.14 a

21.61
18.00
8.89

28. t8
19.t3
1J.45
It.05
20. 81
22.t5
22 ,15
19. 45
2).45
18.02

r SlSnlflcrnt st the O.05 level.
I Vslues ulthln col@na follæed by the eaoe letter 6re not slBnlffcsntly dlfferent.

l7,ll 14.28 nb 21.û4
14.15 15.71a 22.81t
14 .87 11.62 b 25,t!2
16 . I 8 12.15 l' 25 .tt9
20.2J 31.64 b 24. lo

l8,09 3t1 .t!5
15,25 11.55
l.9l I .04

15.20 l¿.05
19.r.J 14.50
I 7. 15 77 .'lo
r2.t5 34.t5
18.55 J4.tO
ll.t8 32.5J
19. 18 Jz,J)
I',).18 31.t5
20.15 31.85
20, lO 33.t¡J

Sahpl lng l)0re

.lune 9 June 21

10,/'8 25.60 abc l5.t¿ 12.ú8 15.31 22. ll ab2q,94 21.84 c 1t,82 11.47 t6.90 20.lt b29.64 24.75 bc t5.65 t?.zi t1.1J 21.71 ab31.64 27,61 ab 14.85 l¿,Ol 19,67 22.56 6bJl.ll 28.14 I 16.97 t2.76 18.55 21,0i s

2t!.59
2t!.32

J.7 6

26.65 I
22.23 t)

2'1.15 øb
2l.cl b
2r.55 b
29,28 â

21.7O Êh
26.28 eh
26.1o âb
2t.90 b

3t.20 26.g8'
lrì.17 25.24
1.92 t.2J

32.10 24. q8

28.65 26.2'l
lo. l5 2(.80
29 .73 22.A8
29.72 2t .Bo
2c. 55 2t1 .70
12.25 10. l-ì
11.01 24.S1
ll .55 lo. o0
31.90 21.48

July 7 July 28

16.06 t2.55
14.59 12.6J
2.5J z.Of

17.¿8 12.30
11.20 12.65
13.45 il. t5
14.t8 11.78
¡4.:t0 t2.23
17,00 t2.2\
t 5 ,48 14 ,45
t4,22 11.60
19.58 t2.6J
I 4. 15 I 2.90

^ußuat 
l0

SearonAl
llern

a
I 8.56 22.68
16.70 21.t6
4.7O l. 53

I 5.88 2 l. o0
14.75 2t ,22
17.trs 20.98
16.15 le.t6
19.70 21.82
15.75 21,60
20.2J 2 1.46
19.10 2 1,66
19.55 24,12
17.55 21.98

UJ
s.



ÎÀlLB 12' volEttlc roll ælsture !t 5.0 cE under varloua tlllagè and strtr Enag€ænt prsctlcesr l9gl.

ConvÊotlon6I Ttllage-F6l I
Conventlonrl Ttltage-SprtnB
Rotovated strfp T11l68e
Zcro lllldR€-Fluted Coultcr
Zero Tf lls8e-StralBht Coulter

Reta lned
Rercved
L.S.D,

ConveÍtlonal Ttllage-Fall Retslned
Rewved

Conv€ntlon6l llllage-Sp¡ing Ret€lned
Rercved

Rotovôted Strtp Tllld8e Rernlned
Removed

ZeroTllls8e-FlutedCoulter Retalned
ReDoved

ZeroTlltsge-StralghtCoulter Retalned
Rercved

Prtury lllla8e Strav Covel

Treatænt

Hay l1

I Values slthln colume folloved by the Bar letter sre not algnfflcantly dtffereìl

l¿.08 a
22.O4 b
26.44 b
28.06 ab
29 .14 ah

24.20
27.7t
2.82

i2.25
35 .90
22.O5
22.OJ
21 .1]
25,75
28.23
27 .90
ll.l3
26 -95

Hay l9

3l .98
25.51
26.89
28.t4
27.88

27.92
29.O4
3.59

13.18
3L.1A
28. :15

22 -6A
26.28
27 .SO
27.tO
29. t8
24 .68
3l .08

lldy 26

38.2r
37.7t
16.55
36 . f,9
35.61

June 2

Sáfrpllnß Date

30.8 I
28.64
28.70
29.94
,0.51

16.85 29.81 -J1.57

31 .Ot 29.61 33.15
3.80 |.98 2.58

.lune 9

34.t0
12.r.o
31.96
14 .26
14.56

2t.\5
38 . lr8
18. 75

16 .68
35.81
1t.28
16,55
36 .81
35.55
15. 70

June 23

ll.2 I 28 . 19 25 .2t
t2.65 25,19 20.26
10.73 25.88 21.45
12.91 2(, .55 25.6J
34 .4t 26.5t 24 .7J

32.50 ?7.t7 21.76
11,08 26.08 2J,t5
3.8t 3.87 7.56

l3, I 5 21 .5O Zt .BO
f3.28 29.28 35.61
34,25 21 .t!O 2l .68
lt.o5 ?4,t8 18.85
10. 70 26 .28 10.28
10.75 25.L8 22.6J
J2,O5 27,78 24.88
13.78 25.11 26.38
32.3J 26,90 27.18
16. 55 26 . ti 22,28

12.ll nb I
29. 50 shc
28.61 bc
28.65 bc
26.85 c
10. 55 ah
29. I 5 ¡bc
lO.7l ab
i2.4O a
28.61 bc

July 7

15.55
f2 .65
32 .85
1t.95
32. t5
lr. t8
34.25
l4 .28
J2.45
16. 68

July 28 ÀuBuBt l0

29.00 31,89 ¡
26.58 2t .95 c
28,9ó 20.62 bc
30.81 10. l3 ¡
28.63 30,23 ab

29. 19 29.89
28.4t 29 .72
5. t8 0,54

28.25 3 I .60
29 ,75 32. I I
27,tO 29.01
26.O5 26.90
30.63 28.51
27 ,30 28,71
31.25 10. ló
l0, 18 lo.5l
2A,10 10, t 7
28.55 30.28

Seasonal
lledn

(,
l¡



T^BLB ll' vollætrtc ãol1 æisture et lo.o ch under vårlous ttllage and atrav unaßerent practlces, l9gl.

Convcntlonsl Ttllo8e-F6ll
ConvenÈlon6l Ttllage-Sprln¡
RotovÀt€d strlp Ttllsße
Zero llllsBe-Ftutcd Coulter
Zero TflláBe-Straight Coulter

Re talned
Rehoved
L.S.D.

Conventloosl Ttllage-Fall Retalned

convenrtonal rrlls8e-sprtn8 l:ii::.
Renoved

Rotovated Strlp Tllla8e Retalned
Rercved

ZeroTlllage-FlutedCoulter Rerðlned

zeroTlIlaße-SrratEht coulter ffi:i:j,
Renoved

PrlEdry Tlllaßê

Treatnent

Strgv Cover Hay ll

I Values elthln columa follwed by the sáne letter åre not algnlflcsntly dlfferent.

35.31
3t.15
31.41
31 .85
35.t1

18,ó6
lr.7l
l4 .89
15.81
35 .86

3r.64 15, il 37.21
35.1I J5.r.7 18.07
6.42 l 85 4.O2

Hay 26

18.4t
38.98
36.91
17.88
15- t6

15.¡8
15 ,48
26.70
15.60
29.01
11.80
ll.l'ì
14.38
l'l . 98
J6.28

SsnpllnB Ddte

37,61 a
:15.65 6
t2.16 b
15. 79 a'12.4i b

38. l0
39.01
J4 .20
29.21
ll.tl
16.65
i7.O7
18,55
17 .81
tl. 90

35 .61
36.51
J4 .16
l4 . 

.10

37. t0

35.9t 16.00 J6.24
11.55 35. t6 16.86
6.22 2.tt 2,05

18.88 18.65 ¡ 36.01
16.15 j2.58 c j9.00
16.88 Jt.23 âh 3t,tJ
34.42 115.80 at,c j4.50
13.55 31.21 bc 15.48
70.11 15.50 âhc 16.53
:ì7.58 ll.9o bc 35.95
14.00 11¡.70 ¡trc i7. t0
l2 .61 t7 .00 ¡h 16. 28
32.18 37.2O ¿tb l7.tB

17 .40
f9.43
40.82
11 . t-l
16,88
36 .98
16. 90
lÂ.fl5
14. l5
:ì7.98

June 2f July 7 .futy 28 Auguet l0

17.51
36.1¡
36.00
16,5l

, 36.7J

32,65 30. 7 I
l0 . 60 28 .80
Jl .29 21 ,9t
3r.55 29,5J
30.66 l0 , 29

Jt.'\2 29 .54
ll . t9 29,)6
0,99 3.21

10.70 10.¿5
34 .60 l0 . 98
3r.28 10.51
29.9f 21.O8
1r.40 21,85'll.t8 27,98
10.80 27,A5
32.:r0 31.20
t2.ûo 3t,01
28.91 29.5t

32,94 35.49 ¡
12,75 3r.59 b
3t,76 32'97 b
J1.25 34.20 6b
34,14 34,28 ôb

13.90 34.t1
32.O4 34.1t
3.96 t.to

32 .88 35 . J9
3l.oo 35.6t
34.2J 34.40
31.28 32.18
31. 50 J2 .61
30.01 J3.21
3t.25 J3.14
J2 .25 34 .8 1

l4 .65 t4 .47
31.65 14.09

S e a aon¡l
lþån

(,
o\



ÎABLE 14. volwtrlc Boll rclatu¡e at 20.0 cE under vårlous tlllage and at¡Áe nanâgement prâctlces, l9gl.

Cor¡ventlonal lll lage-Fdll
Conventlonal Ttl lâße-Sprtng
Rotovoted Strlp Tl llaBe
Zero Tlllaße-Flured Coulter
Zero Tf lld8e-StralEht Coulter

Retslned
Removed
L.S.D.

Conventlonal Tlllage-F611 Rct6lned
Remved

Conventlonal Tfll6ße-Sprtn8 Retãtned
R0ftìvPr!

Rotovated Strlp 1fl168e Reta lned
Rcmved

Ze¡oTll168e-PlutedCoulter Reralned
Removcd

Zero TlllBge-SrralBht Coulter Retãlned
Renoved

Prlcary Tlll6ße Strae Cover

Treatænt

Hay 13 Hay 19 tlay 26

I Value8 elthln colúms folloced by the sarc lettcr 6re not slgnlflcántly dlfferent.

16.88 36.74 18.88
J5.66 32. t9 l(¡. I I
11.68 )4.7i 16.91
34.91 lì.56 'tl.7'
16.81 i5,lh 16.58

15.07 Jt.o2 16.54
16. t'l 1t1.92 )A.24
4.72 t!.24 1.56

37. l8 15,40 J7 .t 1
16,40 18.08 40. I t
15.07 15.10 16.2tì
J6.25 29.08 77.)5
11.95 It.',lo 't5.90
15. ¿o 16. lo 17 .95
l¿¡ . 15 12.11 :l7 . 00
15.50 14.80 18.50
16.58 31.75 lrr.08
37.08 :ì6.51 17.08

June 2 Junc 9 .lune 2l

S¡mpl tnB Dãte

16.28 16,96 17.19a I

11 .19 :r4.85 J7.J't a
.ll.t55 l4.fÌl l¿.7tì b
16.08 15. 15 17. t4 a
15.55 J7.2J 16.64 s

15.49 16.07 16.81
'16 

f )9 3\ .5t! l(1 . L1
2.A6 t.t7 4.(15

't5,28 37. t8 16.80
11 .2â :16.55 17.58
32."18 l5.tl 17.)5
Jl .40 14.58 Jt . lo
14.'15 15. tl Íì..,8
12.95 14.50 t'Ì. nì
15. 60 35 . 6l ]7 ,15
16. 55 7t .(18 16. r) |
14.85 17.ofl '16. t5
16.2t 17. ì8 'tl.t1

July 7 July 28 Außusr l0

15.91 11.65 t7,'t4
)r¿ ,o4 3l .8 t 3t .7 6
31.49 30.8 1 J2.54
35.70 J2.56 JI..J9
31.58 11.63 36,t4

Jt .2r. 12. t0
3t .86 32.09
l.¿1 1.75

1s.68 l'1.45
'ì6. t8 31.85
12.01 29.88
16.05 17.15
J1 .2J 29 .55
11.15 32. l0
16.65 32.45
34 .75 J2.68
I l.60 35. l8
J't.\5 2lt.o8

See sona I
Hean

36.65 6
34.98 b
JJ.94 c
15.25 b
15, 18 b

l4 .50 14,97
15.69 15.43
4.Jt 0.55

f7.55 36.2ó
t1.lf 37.O4
l¿.20 3t.14
l5.ll 35.2t
10.73 lt. l9
14.15 tt .r.8
ll. 28 34 .96
l5 . 50 35,54
16. t5 J5.49
10.73 J4.81

(,
-J



TABLE 15. The effect of
soí1 molsture (i4) ,

Conventional Tí1lage-Sprlng
Zero Tillage-Iluted Coulter
Zero Tillage-Straight Coulter

Prlmary Tillage

Treatment

primary tilJ-age and straw cover on the seasonal mean volumetric
1980.

Conventional Tillage-Spríng

Zero Tillage-Fluted Coulter

Zero Tillage-Straight Coulter

Straw Cover

1

Significant at
Values within

Retafned
Removed
L.S.D.

Retalned
Removed
Retained
Removed
Retained
Removed

2.5

19. 6s
25.34
24.74

the 0.05 1evel.
columns followed

b1

Depth (cr)

a
a

24.20
22.28
t.4r

19.32 d
19 .98 d
26.20 ab
24.48 bc
27.06 a
22.39 cd

5.0

25.36
30.52
30. 83

28.56
29.25
2.t5

24.92
25 .80
29.9I
31.13
30. 85
30.82

b 33.22
a 33.62
a 33. 78

33.12
33.96
2.15

33.02
33.4r
33. 16
24.09
33. iB
34.32

10.0

by the same lett.er are not sígnificantly different.

20.0

35. 33
3s.34
35.35

35.19
35 .49
2.50

34.74
35.91
35 .59
35 .08
35.25
35 .46

(,
æ
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The drought conditions in i9B0 whích persisted untí1 late June

(see Appendix Table 1 for meteorological data) contributed to the

differences observed between tillage treatments, no appreciable precip-

itation r¡/as recorded for 48 days after planting at the portage la

Prairie field station. Excessive soil disturbance in Ëhe preparation

of the conventional tillage seedbeds coupled with high atmospheric

temperatures, prior to and after planting, promoted evaporative soil

moisture 1oss. A rnulch of previous crop residues (barley sLraw) was

associated r¿ith the zero tillage p1ots. Ar the 2.5 cm depth (Table 15)

the removal of Èhe straw cover resulted Ín a significant decrease ín the

seasonal mean soil moisture content. Further, a significant tillage x

stra\'¡ cover interaction \.vas noted for the volumetric soil moisture at

tl;e 2.5 cm depth (Table 15). The interaction between tillage and. straw

cover indicaËed that the removal of the stra\^/ mulch decreased the soil

moisËure under the zero tí1lage-straight coulter treatment but ha¿ no

effect on the conventional tillage-spring treatment. Soil moisture was

J-ess where the sËra\^¡ cover had been removed in the zero tíllage-fluted

coulter p1ots, than where it had been retained, but the difference \^râs

not significant. Removal of the straT/ü cover had no affect on soíl

moisture below 2.5 cm. IÈ is evident from the effect of straw removal

on soil- moisture that the stravr mulch assocj-ated with the zero tillage

Ëreatments \,üas an important factor in increasing soil moisture. Sirnilar

findings have been reported by Jones er al. (196s), Tripletr et al.

C1968), Blevins and. cook (1970), Harrold er a1. (1970) and Lal (rg74).

It is considered that the main effect of the stra\,r cover on conserving

soil moisEure was that it reduced evaporative moisture loss.
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In 1981, differences in sôi1 moisture under the various tillage

Ëreatments r,{ere observed to the 20 cn depth. rn general , those treat-
nents haVing been rotovated in the spring (conventional tÍllage_spring

and rotovated strip tillage) had the lowest seasonal mean volumetric

moisture contents (Table 16). It should be noted here that all sampling

for soil moisture was done in the seed row. The differences in soil

moisture between the conventional tillage-spring and rotovated strip

tillage treatments v¡ere not determined for the interrow space. Because,

the interro!/ space of the rotovated strip tillage treatment was undis-

turbed (identical to that of the zero tillage treatments) it is assumed

that the soil moisture would have been greater in the interrow space of

Èhe rotovated strip tillage treatment than that of the conventíonal

till-age treatment. The conventional tillage-fa11 treatment was found

Ëo have greater soÍl moisture than where tillage had been undertaken in

the spring (conventional tili-age-spring and rotovated strip tÍ1lage

treatments). The zero tíllage treatments exhibited consistently greater

soil moÍsture contents than either the conventional tillage-spring or the

rotovated strip tÍllage treatments, but soil moisture tended to be less

than that found under the fall tillage Ëreatment. It appears that spring

tillage whether complete (conventional tillage-spríng) or in a strip

(rotovated strip tillage) reduced soil moisture. It is speculated that

spring rotovation increases the soil surface area exposed to the atmos-

phere, thus íncreasing the surface area from which evaporation may take

place, resulting in greater losses of soil moisture than where the soil

is not disturbed, in the spring, prior to planting.

rn 1981, as in 1980, the removal of the previous crop resi-dues

decreased the seasonal mean soil- moisËure content at only the 2.5 cm



TABLE 16. The effect of primary tillage and strar¿ cover on the seasonal mean volumetric soil
moisture (%) , 1981.

Conventional Tillage-Fal1
Conventional Tí1lage-Spring
Rotovated Strip Tillage
Zero Tlllage-Fluted Coulter
zero Tillage-Straight Coulter

Prímary Tillage

Treatment

Conventional Tillage-Fal1

Conventional Tillage-Spring

Rotovated Strip Tillage

Zero Tíllage-Fluted Coulter

Zero TILLage-Straight Coulter

Straw Cover

)t

1

2.5

Retained
Removed
L. S .D.

Retained
Removed
Retaíned
Removed
Retained
Removed
Retained
Removed
Retained
Removed

22.It
20.17
2I.7 7

22.56
23.05

22.68
2t.16

1.53

23.00
2I.22
20.98
19.36
2t.82
2t.60
23 .46
21.66
24.12
2I.98

Significant at the 0.05 level.
Values r¡ithin columns followed by the same letter are not signlficantly different.

ab
b

ab
ab
a

Depth (cm)

5.0 10.0

31.89
27 .95
28.62
30.33
30.23

29.89
29.72
0.54

3i.60
32. IB
29.0r
26.90
28.53
28.7t
30. 14
30.53
30.17
30.28

a
c

bc
a
ab

3s .49
33.59
32.97
34.28
34.28

34.13
34.11

1.30

35.39
35.61
34 .40
32.78
32.67
33.27
33.74
34.81
34 .47
34.09

a
b
b

ab
ab

20.0

36.65 a
34.98 b
33.94
35.25 b
35.18 b

34.97
35 .43
0.55

36.26
37 .04
34.74
35.23
33.39
34 .48
34.96
35.54
35.49
34.81
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depth (Table 16). Increased soil moisture under strar^i mulches has been

previously reported (Larson et al., 1960; Moody et al., 1961; Moody er

aL., 1963). These studies have, however, reported that the differences

between stra'¡/ treatments extended to depths as great as 45 cm. The

lirnited influenee of strav,/ removal reported here, may reflect a lesser

amount of straw cover or possibly a lower initíal soil moisture content

throughout the soil profÍ-le sampled.

Soil Bulk Density

In 1980, soil bulk density tended to be higher under the zero till-

age Ëreatments than under the conventional tillage-spring treatment to

a depth of 10 cn. At 20 crn, the conventlonal tillage-spring treatment

and the zero tillage-fluted coulter Ëreatments did not differ (Tab1e 17),

while the. zero tii-lage-straight coulter treatment had significantly

J'ower bulk densities than either of the prevíous treatments.

In 1981, the rotovated strÍp tillage treatment had the lowest soil

bulk densities of all tillage treatments examined (Table ig). The low

bulk densities observed under the rotovated strip tillage treatment \,rere

attributed to the looseness of the soil in the seed row following roto-

vation. Al-1 soil sampling was conducted in the seed row, had samples

been Èaken in the interrow space of the rotovated strip tillage treat-

ment it is speculated that the bulk densities would have compared to

Êhose of the zero tillage Èreatments.

The bulk densÍties recorded under the conventional tillage-spring

treatment did not typically differ significantly from the conventional

tillage-fal1 treatment. However, at the I0 cm depth, the conventÍonal

tillage-fall treatment had a significantly greater soil bulk densiÈy



TABLE 17. The effect of primary tlllage and straw cover on the seasonal mean soll
bulk densitíes (gms/cc), 1980.

Conventlonal T111age-Spring
Zero T11lage-Fluted Coulter
Zero Tillage-Straight Coulter

Prlmary Tillage

Treatment

Conventional Tlllage-Spring

Zero Tl1lage-Fluted Coulter

Zero T1l1age-Straight Coulter

Straw Cover

rt

I
Slgnlflcant at
Values withln
dlfferent.

2.5

Re tained
Removed
L. S.D.

Retained
Removed
Retalned
Removed
Retained
Removed

0. 859
0.878
0. 866

0. 852
0.883
0.039

0.823
0. 895
0.860
0.897
0.874
0.858

Depth (cm)

the 0.05 level.
columns followed

5.0

0.876 +
0.926 a
0.926 a

O. 8BB
0.931
0.054

0.863
0.890
0. 891
0.960
0.911
o.942

10.0

0.958
0. 993
0. 989

J

0. 958
1.014
0.047

0.959
0.992
0. 961
t.o25
0.954
I.023

by

20.o

r.029
1.023
0.998

0.994
1 .039
0.I22

0. 998
1.053
1.007
1 .039
0. 971
t.024

a
a

s.(,



TABLE 18. The effect of prlrnary tlllage
densltles (gms/cc), 1981.

Conventlonal Tillage-Fa11
Conventfonal T1llage-Sprlng
Rotovated Strlp T1llage
Zero Tlllage-Fluted Coulter
Zero Til.lage-Stralght Coulter

Prlmary Tlllage

Treatment

Conventlonal T11lage-Fa11

Conventional T11lage-Spring

Rotovated Strlp Tlllage

Zero TíLLage-Fluted Coulter

Zero Tlllage-Straight Coulter

Stra¡,¡ Cover 2.5

*
I

0.891 ab
0.907 a
0. BB3 b
0.881 b
0. 886 b

¿
0.878
0.901
0. 016

0. 882
0.901
0.907
0. 907
0.867
0. 899
0.860
0.901
0.877
0. 894

Retained
Removed
L. S. D.

Retalned
Removed
Fetained
Removed
Retained
Removed
Retained
Removed
Retained
Removed

Slgnlfícant at
Values wlthin

Depth (cm)

5.0

0.929 a
0.918 ab
0.905 b
0.92I ab
0.923 ab

0.9i3
o.925
0.028

0.920
0. 938
0.920
0.917
0. 905
0.906
0.912
0.929
0. 908
0.937

the 0.05 level.
columns followed

10.0

1.009 a
0. 981 b
0.958 c
0.983 b
0.986 b

20.0

1 .021 a
I .010 ab
0.992 b
I.023 a
1.012 ab

¿
1 .001
I .023
0. 019

0.975
0.992
0. 115

0. 999
1.019
0.984
0.977
0.952
0.965
0.962
1.000
0.982
0.990

by the same letter are not signiflcantly dlfferent.

1 .005
I .040
I .016
1 .004
0. 9Bs
0.999
I .007
1 .040
0.992
1. 030

.+.,

.+..
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Èhan that of the conventional tillage-spring treatment (Table 1g).

Generally, the conventional tillage treatments did not tend to differ

from the zero tiLrage treaLments. At tlhe 2.5 cm depth, however, the

conventional tíllage-spring and the conventional tillage-fa1l at IC crn

were significantly greater than eithe.r zero tillage treatment.

rn borh 1980 and 1981, sËra\"/ removal was found to result in

increased soil bulk densities than where the straltr had been retained,

al.though the difference was not always signíficant. The lower bulk

densiËies recorded where the straw had been retained may reflect the

ef fect of th.e stra\,ü on intercepting rain droplets. upon striking the

stra\,r' droplets may breakup and/or be reduced in velociËy, thus the

force with which the droplet strikes the soil surface ís reduced. The

reduction in force with which the droplet strikes the soil surface may

therefcrre reduce the potential compaction of the soí1 particles when a

droplet strikes.

Soí1 Temperature

The effecËs of the various tillage and stra\,J treatments on soil

temperatures were compared using the mean weekly maximum and minímum

soil temperatures. The seasonal mean maximum, minimum and daily mean

soil temperatures are presented in Tables 19r 20 and 2r, respectively.

Maximum soil temperaÈures were found to be affected to a greater extent

Èhan were the minimum soil temperatures (Tables 19 and 20). This obser

-yatlon is in agreement with findirigs previously reported by Stanholtz

and Lillard (1969), Blevins and cook (1970) and Gauer (198I). The

effect of tillage on soil temperatures decreased with increasing soÍ1

depÈh (Tab1e 19). At the 20 cm depth, alrhough differences vrere



TABLE 19' The effect of prlmary t1l1age on the seasonal mean maxfmum so1.l ternperatures (oc).

ConvenÈlonal T111age-Fa11
ConvenËlona1 Tlllage-Sprlng
Rorovared srrip Tlllage
Zero Tlllage-FluÈed CoulÈe¡
Zero Tlllage-StretghÈ Coulter/Straw Retalned
Zero Tlllage-Stralght Coulter/SLraw Removed

Treatment

TABLE 20' The effect of prlmary tlllage on the seasonal mean mlnlmum so11 ternperatures (oc).

Conventlon¿r1 Ttllgge-Fa11
Conventlonal Tlllage-Sprlng
Rotovared strlp Î11lage
Zero T111age-Fluted Coultel
Zero T1llage-Stralght Coulter/St¡aw Retalnecl
Zero T111age-Stralght Coulter/Straw Rernoved

2.5

Trea Èrnen t

29 .19

27 .06
27 .46

1 980

5.0

25.44

23.42
23.80

10.0

Ilepth (cm)

22 .14

20.0

20.59
20 .54

19.73

18.28
18.69

2.5

2.5

25.94
29.O8
27 .t9
26.25
26.57
28. 89

It.24

1I.34
1t.26

198 I

I 980

5.0

5.0

24.30
26.47
25.69
24.5t
25.27
27 .O2

13.18

t2.87
13.06

10.0

10.0

Depth (cm)

22.33
21 .83
21 .76
22.31
2I.42
23.57

14.40

13.97
14 .00

20. 0

20.o

2t.39
20.83
20.21
21.13
19.99
22.39

14.85

14 .44
14.13

2.5

t2.50
11.19
t2.33
t2. t2
12.59
l1 .36

l9B I

5.0

t3.52
12.78
13.46
13.11
13.7 4

12.69

10.0

14.26
14.30
U+.41
t4.t4
14.26
14.00

20. 0

14.70
15.02
t4,78
t4.7 4

lI'.87
t4.57

F'
o\



TABLE 21. The effect of prfmary t11lage on the seasonal mean daily so1l ternperatures (oc).

ConventLonal T11lage-Fa11
Conventfonal T111age-Sprlng
RoÈovated SÈtlp Tlllage
Zero T1llage-Fluted CoulÈer
Zero T11lage-SÈratght Coulter/Strar¿
Zero Tlllage-Stralght CoulÈer/Straw

Treatment

Recafned
Removed

2.5

19.22

18.32
18.73

1 980

5.0

18.85

l7 .80
18. l0

10.0

Depth (cm)

18.29

t7 .23
17 .32

20.o

17.38

t6.J4
16.52

,q

18.43
t8.74
18.67
18.40
18.58
t8.77

I 981

5.0

18. t6
I 8.45
16.60
18.02
18.54
18.52

10. 0

17.91
17.77
17.76
17. Bt
17. 50
18. 16

20.o

17 .57
17.t9
17 .o4
17.50
t6.97
17.77

.¡..\¡
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evident between tillage treatments, the differences r¿ere sma11 and will

not be further discussed. The influence of tillage on soil temperature

r¡7as most pronounced at the 2.5 cm depth. Consíderable variation was,

ho\¿ever, evident between the replicaEes which i-ndicated that the soil

Èernperatures immediately belov¡ the soil surface may have been influenced

more by the surface micro-enviroment than by the tillage treatments.

Because of the variability between the replicates, the data for soil

Èemperatures at 2.5 cm is consÍdered t.o be only margi-na1ly reliable for

comparing the tillage Èreatments, 1itt1e emphasis will be placed on this

data.

In general, the soil temperatures r¡/ere r¡/armer in 1980 than in 1981

The seasonal mean maximum temperatures, 0 to 20 cm inclusive, for 1980

and 19Bl were 23.03oc anð,23.ggoc, respectively.

Differences in the degree of temperature depression, in response to

tillage, r^rere apparent between the two years. Comparing the zero till-

age-sËraight coulter treatment with the conventional tillage-spring

Éreatment, the maximum soil temperatures, in the 0 to 20 cm depth, had

a mean seasonal depression of 1.5oc in 1980, while in 1981, the depres-

sion ¡¿as 7.24oC. The mean seasonal depression in maximum soil tempera-

tures by soil depth for the zero tillage-straight coulter treaËment as

coupared to the conventional till-age-spring treatment is gíven in Table

22. The greater depression in soil temperatures observed ín 1980 under

the zero tillage-straight coulter treatment vras attributed to a greater

amount of previous crop residues, from the previous barley crop, cover-

lng the soil surface than in 1981. Soil temperatures have been found

to decrease wiËh increasing rates of crop residues (Burrows and Larson,

196I; l"lcCalla and Du,ley , 1946) .
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TABLE 22. Seasonal rnean soil temperature depression (oC), 1980 and 1981.

Depth Year Conventional
Tillage-Spring

Zero TíLLage-
S Lraíght-Coulter

Temperature
Difference

2.5

5.0

10. 0

20.0

I 980
19 81

19 B0
1 981

1 980
19 81

1980
19 81

29.79
29.08

25,44
26 .47

22.74
27.83

79.73
20.83

27.46
26.57

23.80
25.27

20.s4
2r.42

78.69
19.99

1.73
2.5r

t.64
1.20

1 .60
0. 41

1 .04
0. 84

Mean
r9B0
19 81

24.12
24.55

22.62
23 .3t

r .50
I.24

The nean weekly maximum and minimum soil temperatures for 1980 at

Ëhe 5 and 10 cm depths are presented in Figures I and 2, respectÍvely.

At the 5 cm depth, maximum soil temperatures were depressed under the

zero tillage-straight coulteï treatment by as much as 3.50C compared to

the conventíona1 tillage-spring treatment, although the average Èemper-

aEure depression \,ras 1.6oC (Table 19) . The conventíonal tillage treat-

menË had greater maxímum soil temperaËures than either zero tillage

treatment at both 5 and 10 cm (Figures 1 and 2, respectl_ve1y). The

differences between the conventional and zero tillage treatments persist

*ed Ëhroughout the season. The two zero tillage treatments tended to

exhibit similar trends. During the first four weeks after planting,

howeyer, Ëhe zero tÍ-LLage-straight coulter treatment had markedly

greater mean weekly maximum soil- temperatures at the 5 crn depth than the

zeto tllL4ge-fl-uted coulter treatment. At 10 cm, Ëhe zero tillage Èreat

-ments paralleled each oËher throughout Èhe season.
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Note: For all soil temperature data (Figures 1 to 10, inclusive)
Èime 0 corresponds to the date of seeding. rn both 1980 and
1981, seeding was done on l.fay l-2th,
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During the early part of the growÍ-ng season the maximum soil temp-

eratures under the zero Èillage-straight coulter treatment, at the 5 cm

depth' were periodically greater than those recorded for the conventÍon

-a1 tillage-spring treatment. For one fíve day period, June 2 to June 6,

the zero tillage-straight coulter treatment exhibíted greater daily

naxilnum soil temperatures than the conventional tillage treatment, at

the 5 crn depth. On Ëhese occasions, the increase in maximum soil temp

-erature under Ëhe zero tillage-straight coulter treatment r¡/as as great

as 4oc. Sirnilar findings have been reported by Gauer (1981). The zero

tillage-fluted coulter Ëreatment did not exhibit any íncrease in the

maxitlum soil Ëemperatures over those recorded for the conventíonal til1

-age treatment.

Minimum soil temperatures r¡iere not influenced by the tillage treat

-ment to as great an extenÈ as were the maximum soil temperatures. At

5 cm no obvious trends in the minimum soil temperatures \,üere apparent

beËween treatments (Figure 1). At the 10 crn depth, however, the conven

-tional- tillage-spring treatment tended to have s1íght1y greateï mínimum

soÍ.1- Ëemperatures than did either of the zero tíllage treatments (Fígure

2).

The mean weekl-y maximum and minimum soil temperatures under the

va,rious tillage treatrnents for 1981 are presented in Figures 3 through

1Q. Comparing the three tillage treatments studied in 1980 (convenrion

-al- tiLlage-spring, zero tillage-fluted coulter and zero tillage-sÈraight

couLter) sirnilar trends in maximum and minimum soíl tempeïatures \,vere

noted in 1981. At the 5 cm depth, the conventional tillage-spring

ËreaÈment had greater maximum soii- temperatures for the first 10 weeks
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after plantÍng than either of the zero tillage treatments. After 10

weeks, the differences between these treatments became less and variable

(Figure 3). The results in 1981, at the 10 cn deptt¡ \,üere not consi-stent

\{ith those observed in 1980, The conventional- tillage-spring treatment

tended to exhibit greater roaximum soil temperatures than either of the

zero t,i1Iage treatments uP to eight weeks afEer planting. After eight

weeks, the zero tillage-fluted coulter treatment exhibited greater

maximum soil- teruperatures Ëhan either the zero tiTLage-straight coulter

or the conventional tillage-spring treatments. By the end of the season

ttre dÌfferences between the tillage treatments at the 10 cm depth were

not appreciable.

Ttt-e differences in the minimum soil temperatures between the

conyentional tillage-spring, zero tillage-fluted coulter and the zero

ti1-1age-straight coulter treatments were not appreciable at the 5 and

10 cm depths (Figures 3 and 4).

The effecË of straw removal on the maximum and minimum soil tempeï

-aLures under zero til-lage ís illustrated in Figures 5 and 6. Removal

of the stra\.{ cover from the zero tillage-straight coulter treatment

resulted in an increase in the mean weekly maximum soil temperatures at

both Èhe 5 and 10 cm depth, rel-ative to where the stravr cover had been

retained. Maxinum soil temperatutes where the straw had been removed

frorn ttr-e zero til-lage-straight coul-ter treatment \¡rere símilar to those

recorded under tlr-e convenËional tillage-spring treatment. Similar

findings have been reported by Gauer (1981). Straw removal resulted in

a marked increase in the maximum soil temperatures later in the season,

aboye Éhose recorded for the conventional- tíllage-spring treatmenË
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(Figure 6). Straw removal had little influence on the minimum soil

temperatures at either depth.

Maximrrm soil temperatures were increased earry in the season by

sËrip rotovation. The rotovated strip tillage treatment increased the

maxinum soil ËemperatuTes, in comparison to the zero tillage-straight

coul-ter treatment, up to the seventh week after planting, at the 5 cm

depth fFigure 7). Strip rotovation resulted ín greater maximum soil

Ëernperatures than the conventional tillage-spring treatment from seeding

to the fourth week after planting, thereafter the conventíona1 tillage-

spríng treatment tended to have the greater maximurn soil temperatures

aË 5 cm. Towards Èhe end of the season no differences between the

rotoyated strip ti11age, zero tillage-straight coulter or the conven-

tional Ëreatments \^7ere observed aË the 5 crn depth. At the 10 cm depth,

maximum soil ternperatures did not differ appreciably between the roto-
yated striP ' zero tillage-straight coulter or the conventional tillage-

ÊPring treatments. The minimum soil temperatures r¡rere not Ínfluenced to

as great an extent as were the maximum soil temperatures. The conven-

Ëiona1 tiL1-age-spring treaËment tended to have lower minimum soil temp-

eratures at 5 cm than either the zero tilTage-straight coulter or the

rotovated strip tillage treatments between the 9th and 15th r¿eek after

pl.anting. At the 10 cm depth there r¡rere no apparent differences in the

mean r¿eekly minimum soil ternperatures between the tillage treatments.

The tiuring of the conventional tillage operations appeared to be an

i:nporËant factor in determining soil ternperature. spring tillage

resulted in a marked increase ín the maximum soil temperâtures at seed-

ing. The seasonal mean maximum soil Èemperatuïe at 5 cm, under the

conventional. till-age-spring treâtment was 2.2oC warmer than under the
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conventional tillage-fall treatmenÈ. The effect of spring tillage
persisted throughout the season at the 5 cm depth (Figure 9), however,

at 10 cm after the seventh week, maximum soil temperatures r,zere greater

under the fal1 tillage treatment to the end of the season. The increase

in maxirnum soil temperatures later in the season under the conventional

tÍl-lage-fal1 treatment resulted in the mean maximum soil teraperature

beíng O.5oc l¡/armer than that of the conventional tillage-spring treat-
ment at 10 cm- Minimum soil temperatures tended to be greater at 5 cm

(Figure 9) for the conventional tillage-fall treatment than the conven-

Èiona1 tillage-spring treatment, while no apparent differences existed

between these treatments at the I0 crn depth (Figure 10). The results
reported here are contrary to those reported by Allmaras et al. (rg72)

who found that fal1 tillage resulted Ín warmer soil temperatures at

plantíng than spring rillage.

Diurnal Temperature Fluctuation

Tí11age influenced the diurnal temperature fluctuation of soil- in
both 1980 and 1981 (Figures rr and 12). soil remperatures under the

zeto tilLage-straight coulÈer treatment exhibited a smaller diurnal

fluctuation comPared with that of the conventional tillage-spring rreat-
ment. The Ínfluence of zero tillage on the d.iurnal temperature

fluctuation \^'as more pronounced in 1980 than in 1981 and this difference

was probably due to the greater amount of straw cover on the soil surface

in 1980 than in 1981. Burrows and Larson (196I) illusrrated rhat the

diurnal temPerature flucËuation d,ecreased with increasing amounts of
stra\^/ cover. The greater diurnaL temperature fluctuation under conven-

tional- tiLlage !/as attribuÈed to higher maximum soil ternperatures. As
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previously indicated the lower maximum soil temperâtures under zero

tillage were due to the presence of barley strav/ on the soil surface of

tÍ-:re zero tillage p1ots. The main factor contributing to the smaller

diurnal temperature fluctuation under zero tillage v/as concluded to be

the presence of the barl-ey straw on the soil surface which resulted in

lower maxinum soil temperatures. Decreases ín the diurnal temperature

fluctuation ín the presence of straw mulches have been reported by

McCalla and Duley (1946) and Burrows and Larson (1961). Although the

mulch was considered to be the primary factor ínvolved in promoting

the smaller diurnal temperature fluctuation under zero tillage it should

be recognÍzed that soil moisture may have also been a contributing

factor. In 1980 the difference between zero and conventional tillage in

volumetric soí1 moísture at the 5 cm depth was greater than in 1981

(Tables 15 and 16). Corresponding to this difference in soil moisture

betr^reen zero and conventional tillage is the difference in the degree

of diurnal temperature fluctuatíon between 1980 and 198i. In 1980 the

greater difference between zero and conventíona1 tillage in soil mois-

ture corresponded to the greater difference in diurnal temperature

fluctuations. Soil moisture is knov¡n to affect the thermal propertÍes

of soi1, thermal conductivity, thermal diffusivity and heat capacity

(Baver et al., 1972).

Soil Temperatures: Seed Row vs Interrow Spaces

Soil ternperatures r./ere measured on eight occasions in the seed

ror¡/ and interrow spaces between l,tay 21 and June 22, 1981, the results

are presented in TabLe 23. Marked differences in soil temperatures

occurred between the seed row and interrornr spaces, r¿hi1e the diff erences
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between the tillage treatments examined (rotovated stríp tillage and

zero tilLage-straight coulter) were not appreciable. The dífferences

between the seed row and the interrovr spaces decreased r¿ith íncreasing

depth, at the 2.5 cn depth the difference between the seed rov¡ and the

ínterror¿ space was 4.7oC while at the 20 cn depth the dif ference r^7as

only 0.5oC. These results indicated Ëhat even r"¡Íth a minimal amount of

soj-1 disturbance at seeding (zero tillage-straight coulter) the temper-

ature in the seed row can be increased under zero tillage. The effect

of the temperature differences between the seed row ancl interrow spaces

on the growth and development of the root system was not determined.

Allnaras and Nelson (1973) suggested that root configuration rnay be

influenced by changes in soil Ëemperature and/or soil moisture

resulting from straw placenent.

TABLE 23. Comparison of soil temperatures (mean of B sarnpling dates) in
the seed row and the interrov/ spaces under rotovaÈed strip tillage
and zero tillage-straight coulter, 1981.

Soil Temperature oC Temperature
Treatment Depth (cm) Row Interrow Difference

Zero Tillage
Rotovated Strip Tillage

Zero Tillage
RotovaËed Strip Tillage

Zero Tillage
RoÈovated Strip Tillage

Zero Tillage
P"otovated StrÍp Tillage

?q
1trL.J

5.0
5.0

10 .0
10.0

20 .0
20 .0

2) \
t) 1

18. B

19 .5

15 .6
L5.7

12.6
11 0LL . O

18.1
17.8

16.2
16 .0

13.8
L3.7

L2.7
72.3

4.4
4.9

2.6
3.5

1.8
2.0

0.5
0.5
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Soil Moisture Effects on Soil Temperature

Soil moisture is considered to have been a factor contributing to

the differences in soil temperature observed bet¡¿een the various primary

tillage Lreatments ín 1980 and 1981. In both years the mean seasonal

soil moisture r,ùas found to be significantly correlated r¿íth the seasonal

mean weekl-y soil teaperatures (r = -0.88 and -0.69, ïespectively). No

references \¡/ere found which examined the effects of reduced tillage on

soil rnoisture as it relates to soil temperature. Soil moisture is knor^m

to affect several of the thermal properÈies of soíI, includíng; heat

capacl-ty, thermal conductivity and thermal diffusívity (Baver et a1.,

I972). Heat capacity and thermal diffusivity are probably the most

important factors to be considered. The heat capacity of the soil ís

the amount of energy (calories) necessary to raise one gram of soil one

degree centigrade. The heat capacíty of the soil increases with increas

-ing water content. Tt would be expected that those soils having hígh

r^/ater contents would !üarm more s1ow1y than those with 1ow water contents

as more energy r¿ou1d be required to increase the soil temperature. The

Ëhermal diffusivity is the rate at which temperature changes as heat

flows into the soil. Thermal diffusívity increases up to an optimum

moisture content then decreases. Assuming thaË Ëhe moísture content of

the soil under zero tillage is greater than the optímum, then the thermal

diffusivity rnay be less than that of soil under spring tillage. The

lower thermal diffusivity may account for the delayed warming of the

soil under zero tillage periodically encountered during the early part

of the 1980 and 1981 growing seasons. Soil Èemperature and moisture

differences decreased with increasing soil depth. At the 10 cm depth

Ëhe differences in soil moisture between the tillage treatments \^/ere not
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appreciable in either 1980 or 1981 (Tables 15 and 16). It would be

expecËed that the effecËs of soil moisture on temperature differences

betr¿een tíllage treatnents would be minimal at the lower soil depths.

Crop Growth and Development

Emergence. Differences in the number of days to 50"1 corn emergence

were noted between 1980 and 1981 (TabLe 24). In general, 507" emergence

occurred 3 days earlíer in 1980 than in 1981. This difference reflected

the warmer soil temperatures which prevailed during the ernergence period

in 1980. For the first 3 weeks after seeding the mean soíl temperature,

within the surface 5 cm, averaged 4.6oC r¡/arner in 1980 than in 1981.

Corn emergence vras influenced by soil temperature. Corn under both

the convenËional t.i11age-spring and the zero tillage-sËraight coulter

treatnents reached 50% ernergence within similar periods of time, while

Èhe t.ime to 50"/" emergence for the zero tillage-fluted coulter treatment

was signíficantly delayed (Table 24b). Because of the physical sírnilarity

between the tv¡o zero tillage treatments it r¿as expected Ëhat these treat-

ments r¡ou1d have exhibited sínílar trends in corn emergence. However,

examinatíon of the soil temperature data for each treatment shou'eC that

marked differences ín soil temperature occurred, during the emergence

period, beÈween the two zero tillage ËreatmenËs (Table 25). The rnean

soil temperature, in the 0 to 5 cm depth, for the zero tillage-fluted

coulter treatment duríng the first 3 weeks after seeding was 1.460C

and 1.54oC lower than the zero tillage-straíght coulter and conventional

tillage-spring treatments, respectively. Tt appears Ëhat the warmer

soil temperatures observed under the zero tillage-straight coulter and

convenËional tillage-spring treatment, as compared r¿ith the zero Èillage



TABLE 24' The effect of prlmary tt11age, stråw cover and secondary ttllage on days to emergence and sirklng, grarn noJ.sture, test eefght andyleld 8t harvest.

a. Prlbary Tlllage x Straw Cover lnteractlons
ConventlonalTlllage-Fall xRetained

x Renoved
Conventlonal T11lage-Sprlng x Retalned

x Removed
Rotovated Strlp Tlllsge x Retalned

x Rercved
Zero Îlllage-Pluted Coulter x Retalned

x Renoved
Zero Tlllage-Straight Coulter x Retalned

x Removed

Prlnsry Î1lla8e
Conwntlonel Tf llage-Fall
Conæntlonsl Tllla ge-Sprlng
Rotovated Strfp Tlllage
Zero Tll1age-Fluted Coulter
Zero Tlllage-StralghÈ Coulter

Straw Cover

Retslned
Remved
L,S.D.

Secondary Ttllage
None
Interrow Cultlvatlon
L. S. D.

Treatænt

b.

c.

Days to
502 Emergence

1980 I98t

lt.3
ll.0

Slgnlflcanr ar rhe 0.05 1eve1.
Values wlthln colums followed by the sane

13 .5
12.8
15.0
16.8
16.3
16,5
ts.8
15.8
16.1
15.8

13.1 b
15.9 a
16.4 a
15.8 a
16.0 a

t5.4

15.8
ll.5
I1.8
ll.0

ll.6 bl

13.6 a
ll.4 b

12.9
It.2

Dsys to
502 sI1k

73.O

67.8
66.1

69.1
65.9
70.6
65.6

Percent Graln
Molsture

73.O
13 .5
74.1 22.2
74.9 2t.8
75.t
7s.1
74.9 26.2
74.8 24.4
75.5 25.7
75.0 22.3

73.3 t)

74.5 a 22.O
75.1 a
14.8 a 25.3
75.3 a 24.1

74.5 24.7
74.7 22.8
t -2 2.6

I 980

GEaln Test Welght
(gms/0.5 lltre)

1980 1981

3t.0
32.3
29.8 377 .4
3t.2 381.6
32.O
32.5
32 .4 363. I
32 .0 368. I
32. I 362.5
31.8 372.6

30. 5

31 .6 379.5 a

32.2 366.3 b
32.O 367 .6 b

31.5 367.9*
31.9 374.3
2.2 2.9

66.9

67.5
68.1

69.2
65.9
0.9

67.5
67.5

1.0

letter are not signlflcantly dl.fferent.

Graln Yleld
(gns/ea¡ )

394 .1
392.5
392.2 99.9
392.4 99.5
389. I
390. 5
392.5 88.4
39r.9 88.5
39r.9 81.9
39t .2 89. 8

393.3
392.3 98.3 a
390.2
392.2 88. 5 b
391.6 85.9 l)

392.1 89. t*
39t.7 92.6

t.4 3.3

1980

75.O
0.5

150.4
150.3
146.9
t52 .7
145.8
149.8
t44.o
t47 ,4
t46.2
t47,7

150.4
149 .3
t47 .8
t45.7
t46.9

146.5
t49.6

149. I
146.9

3.4

23. t

2.8

31.3
32.t
0.9

370.5
371 .8

6.t

391.8
392.O

1.2

89. I
91.9
5.6

\¡
O
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-fluted coulter treatment, r,rere responsible for the earlier emergence of

corn. Numerous other studies have shor^m that warm soil- temperatures

promote earlier corn emergence firiillis et a1., 1957; Dubetz et al., 1962;

Adams, 7967; Ketcheson, I97O; Alessi and Power, I97 1; PhÍllips and

Cochrane, 1975; Rykbost et a1., 1975; Iremiren and Milbourn, 1979).

TABLE 25. Mean daily soil temperatures in the surface 0 to
5 cm, during the emergence period as influenced by
primary ti1-1age Ëreatment, 1980 and 1981.

Year Tillage Treatment

1980 Conventional Tillage-Spring 18.66
Zero TllLage-Fluted Coulter 17.I2
Zero Tillage-Straight Coulter 18.58

1981 Conventíonal Tillage-Fa1l 13. 1 1

ConvenËional Tillage-Spring 13.88
Rotovated Strip Tillage 14.01
Zero Tillage-Fluted Coulter 13.19
Zero TíIlage-Straight Coulter L3.67

Although significant differences in the number of days to 5OZ

emergence of corn occurred between the primary tillage treatments in 1981

(Table 24b), the differences do not appear to be related to soil temper

-atures. Corn planted on soils tilled in the fall reached 50iá emergence

earlier than all other tillage treatments examined, while the mean soil

temperature in the seed zone, 0 to 5 cm, during the first 3 vreeks after

seeding was lower than all other tillage treatments (Table 25). Corn

planted in the rernai-ning treatmenÈs (conventional tíllage-spring,

rotovated strip tillage, zero tillage-fluted coulter and zero tillage-

straight coulter) did not differ significantly in the number of days to

502 emergence (Tab1e 24b). T\uo factors may be related to the earlíer

emergence of corn observed under the fall tillage treatment. During the

Mean Dailv Soil
Terpet"tr.rt.oC
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first 3 weeks following seeding, the conventional tillage-fa11 treatment

tended to have a greater soil moisture content in the surface 5 cm (Table

16). Further, the fa11 tillage treatment had a vísibly superior seedbed

than either the spring or the rotovated strip tillage treatments. The

seedbeds of the latter treatments were prepared usíng rotovation, which

produced a looser seedbed than that of the fa1l tillage treatment. The

firmer seedbed of the conventional tíllage-fa11 treatment resulted in

better seed/soi1 contact and in combination with the greater soil mois-

ture may have promoted earlier germination and subsequently earlier

emergence than under the conventional tillage-spring or rotovated strip

tillage treatments. Greater soil moisture may have been a factor which

resulted in the conventional tillage-fa11 treatment emerging ahead of

the two zero tillage treatments in 1981 (Table 16).

Retention or removal of the previous crop resídues did not signif-

ícanÈ1y influence the rate of emergence of corn, although, in 1980

emergence tended to be delayed by approximately I% days when the stra\^/

r¿as retained on the soil surface (Table 24c).

The final plant populations per hectare were not affected ín 1980

or in 1981 by the primary tÍllage treatments (Table 26).

Removal of the previous crop residues resulted in a significant

increase in the plant population per hectare in 1980, while the planL

populations \^rere not affected in 1981 (Table 26).

The lower plant populations observed in 1981 were attributed to an

error in the adjustment of the corn planter following its use for seed-

ing sugar beets (Table 26).
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TAßLE 26. The effect of primary tillage and straw cover
on the plant population per hectare.

Treatment l9B0 1981

a, Primary Tillage
Conventiorral Tillage-Fal1 2I,416
Conventional Tillage-Spring 5I,562 20rBBz
Rotovated Strip Tillage 20,87C
Zero Tillage-Fluted Coulter 43,684 20,j79
Zero Tíllage-Straight Coulter 50,870 20,232

b. Straw Cover

Retained 45,082* 2C,997
Removed 52,329 20 1232L.S.D. L,542 1,064

Plant Height. rn 1980, plant heights did not differ sígnifícantly

between tillage treaËments on any sampling date (Tabre 27b, Figure 13).

A sirnilar trend was noted in 1981, the conventÍonal tillage-spring,

roÈovated strip tillage, zero tillage-straight coulter and zero tillage-

fluted coulter treatments did not differ sígnificantly from one anoÈher

on any samplíng date (Table 2Bb). However, the conventional tillage-

fall treatnenÈ resulted in significantly ta1ler plants than all other

tillage treatments examined, on all but the final sarnpling date.

Figure 14 illustrates the magnítude of the differences between the

conventional tillage-fa11 and all the other tillage treatments, rep-

resented by the convenËional tillage-spring treatnent.

Secondary tillage (interrow cultivation) did not affect plant

height in 1980 (Table 27d), ¡vhile in 1981 plant heíght was grearer larer

in the season r.rhere no secondary Ëillage had been eroployed (Tab1e 28d),

although the final plant height ú¡as not affected by interror¿ cultivation

in either year. rn 1981, the depressing effect of secondary tillage on



T.\BLE 27. The effect of prlmary tlllage, straw cover and secondary tillage on plant heights (cm), 1980

a, Prlmary Tlllage x Straw Cover Interactions
ConvenÈional Tlllage-Sprlng xRetalned

x Removed
Zero Tlllage-Fluted Coulter x ReraÍned

x Removed
Zero Tlllage-Stralght Coulter x Retained

x Removed

Prlnary T11lage

Convent lonal Tl1.1age-Sprlng
Zero Tlllage-Fluted Coulter
Zero Tillage-Stralght Coulrer

Straw Cover

Retalned
Removed
L.S.D.

Secondary Tlllage
None
Interrow Cultivatlon
L.S.D.

Treat.men t

b.

c.

d.

June I I

Slgnlflcant at the 0.05 level.

27 .4
30. 6
26.6
30. 4

25 .5
34 .1

29.0
28.5
29 .8

26 .5
3r .7

1.5

June 26

Sampllng Date

59.3
66 .6
59 .7
66 .3
58. 6

68.2

63.0
63.0
63.4

qo t

6t .o
4.5

July 10

109. I
121.8
103. I
12.3.O
ro2.2
12I.8

115.8
ll3.l
I 12.0

105.0
1))')
13.4

1t4.1
tI3. t

6.4

July 16

147 .7
162 .1
139. I
163.9
119.7
158.9

r54.9
151.9
t49.3

*
I42 . tt

16r.6
18.0

151.6
r52.4

4.4

JuIy 24

172.9
t82 .7
17 1.3
179.8
t74.4
117.8

T77.8
175.(r
176.r

172.9
180. 2

9.8

176. I
171.O

3.9

!
.Ê..
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TABLE 28' The effect of prlmary tlllage, sttar., cover and secondary tlllage on plant heights (cm), 1981.

a. Prlma¡y T111age x Straw Cover Inte¡actions
Conventlonal T1llage-Fal1 x Retal.ned

x Removed
Conventlonal Ti11-age-Sprlng x Retained

x Removed
RotovaEed Strlp T1llage x Retalned

x Removed
Zero T{llage-Fluted Coulter x Retalned

x Removed
Zero Tlllage-Stralght Coulter x Retained

x Renoved

Primary Ttllage
Conventlonal Tlllage-Fa11
ConvenÈlona1 T11lage-Spring
Rotovated Scrlp Tll1age
Zero'l'111age-Fluted Coulter
Zero T11lage-SÈralglÌt Coulter

S trar¿ Cover

Re Èa1ned
Removed
L. S. D.

Secondary T11lage

None
lnterrow Cultivation
L.S.D.

Tre a tmen t

b.

c,

June I

,1

20.t
19 .7
17 .1
16.3
15. 6
16. I
16. 6

17 .4
14.9
16. 3

19.9 a
t6.7 b
i5.8 b
17.0 b
15.6 b

16.8
17 .1
7.4

June I6

t

28.7
¿),o,)\ ,,

24.O
23.7
23.6
24.O
24.3
a1 a

24.f

28.I a
24.6 b

23.7 b
24.t b

23.7 b

25.O
24.8

1.6

Slgnlflcant at rhe 0.05 leve1.
Values r¡lthln columns followed by che same letter are not signil:{cantly different.

Iune 2 3

Sampllng Date

37 .9
33 .2
29.9
29 .4
30. 6

29 .3
30 .8
30. 5

79 .7
29.2

35.6 a
29.6 b

30.0 b
30.7 b
29.5 b

31.8
30.2
11.5

31.5
30. 6

17

Jrr1,y 1

62 .3
60. 3

56.1
54.5
5t.2
5r.7
53.6
q, 7

49.6
54 .5

61.3 a
55.3 b
5I .4 b
53.1 b
52.1 b

54.6
54.7
z.o

55.8
53. 5

¿.4

July 7

96.4 a

93.4 ab
89.3 bc
85.7 c
82.3 de
82.7 de
85.4 cd
86.1 c
79.4 e
86.5 c

94.9 a
87.5 b
82.5 b

85.6 b

82.9 b

86.5
86. 9

4.1

*
89.0
84 .4

11

July 2i

186.9
187.3
182.6
187.3
174.4
r76.5
117.9
175.4
170.4
176.4

187.1 a
178.9 ab
175. 5 b
17 6.7 b
lt3.4 b

178.5
178.2

8.6

*
182,4
t7 4.2

5.3

August 25

202.7
204.2
'rñt 1

201.3
201.1
205 .6
r97 .4
199. 0

198.3
20t.9

202.8
203.2
203.4
198. 4

200.2

200.2
202.9

5.3

202.8
200. 3

3.1

!
o\



77

Eu
t-
:tr
(9
L^J

T
Fz
J
o-

2to

200

r90

r80

t70

r60

150

r40

r30

120

ilo
roo

90

80

70

60

50

40

30

?o

to

DATE
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plant height was attributed to troot

of the plants. Interrow cultivation

disturbance irnmediately adjacent to

the soíl/root contact. Vigor of the

following interrow cultívation.

prunningr which reduced

resulted in considerable

the plants which probably

corn plants r¡/as visibly

the vigor

so i1

d isrup ted

reduced

In 1980, the removal of the previous crop residues resulted in

greater plant heights than where the residues had been retained on the

soil surface (Table 27c, Tígure 15). The difference in height betr¿een

reÈention and removal of the straw cover was sígnificant for the first

four sampling dates. Final plant height was not affected by the removal

of the stra\,r cover.

The lower plant heíghts observed where the straw cover had been

retaÍned was attributed to a reduction in soil temperatures beneath

the mulch. As has already been shown, soil temperatures rnrere found Lo

be increased under zero Lillage when the stra\..r mulch was removed

(Figures 5 and 6). Increased plant height in response Lo increasing

soil temperatures has been reported in the literature (Willis et a1.,

1957; Mederski and Jones, 1963; Jones and Mederski, 7963; Kleinendorst

and Bour+er, I970; I^latts, 1972a; I^latts, 7972b). Similar reductions ín

plant height as those reported where the straw ccver had been retained

in 1980 have been reported by Larson et a1. (1960) and Burrows and

Larson (1961). Further, these studies have shor,¡n that the reductions

in plant height under the mulches v¡here due to reduced soíl temperatures.

As has been previously indicated, soil temperatures under the

conventional tillage-fall treatment were 1ov¡er than those recorded under

the conventional tillage-spring treatment (Fígures 9 and 10). Hor^rever,
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plant heights under Ëhe convenËional tillage-fa11 treatment v/ere signif

-icantly greater than those plants gro\.,rn under the other tillage treat-

ments. The lower soil temperatuTes and correspondingly greater plant

heights observed under the conventional tillage-fall treatment are

contrary to the findings reported in Èhe literature (i,Jillis et a1.,

1957; Larson et a1., 1960; Burrows and Larson, 1961; llederski and Jones,

1963; Jones and Mederski-, 1963; Kleinendorst and Bouwer, I9l 0; InJatts,

1972a; Watts, I9l2b). Clearly there r^/ere other factors involved in

determiníng plant heights under the conventional tillage treatments.

The fall tillage treatment r¡as found to have had a greater seasonal

mean volumetric soil moisture content than the rotovated stríp tillage

of the conventíonal tÍ11age-spring Lreatments and a slightly greater

amount than the zero tillage treatments (Table 16). The increased soil

moisture under the fall tillage treatment may have stímulated plant

growth, resulting in greater plant heights. Greater soil moisture under

mulches has been reported to increase plant height (Moody et a1., 7963;

Jones et al., 1963; Triplett et a1., 1968).

Silkíng. Tillage dÍd not significantly affect the date on which the corn

reached LÌ;re 507" silk stage in 1980, although, the corn in the zero tillage

plots tended Ëo silk r< to I day later than in Èhe conventional tillage

plots (Table 24b). Interrow cultivatíon did not affect the rate at

v¡hich the corn reached rhe 502 silk stage in 1980.

In 1981, silking was influenced by both primary and secondary

ti11age. Corn gro\^ln under the fa11 tillage treatment silked sígnificantly

earlier than all other primary tillage treatments examined (Table 24b).

In 1981, soil teaperature \,ras noË considered to be a factor in the
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sílking response of the corn to tillage. The earlier sílkíng observed

under the fa1l tillage treatment was due to earlíer germination and

emergence. The number of days to 507" emergence and the days to fl¡e 507

silk stage v¡ere sígnificantly correlated (r = 0.59). Corn that receíved

interror¿ cultivation (secondary tillage) reached the 502 silk stage

later than corn which did not receive interro\^, cultivation (Table 24ð).

Follorving interrow cultivation there was a vísible reduction in the

vigor of the corn, which was attributed to root pruníng. The reductíon

in vígor retarded plant development resulting in a delay in silking.

Tn 1980, the inËeraction between stravr cover and tillage was not

significant (Table 24a), however, the effect of straw removal on the

nnmber of days required for tl'le corn to reach tlne 5O"l silk stage \{as

more Pronounced under zero tí1lage than under conventional tillage.

Removal of the strarn¡ cover in the conventional tillage plots resulted in

the corn reaching the 502 silk stage L,7 days earlier than where the

stral{ cover had been retained, while in Ëhe zero tillage plots removal of

the straw cover resulted in the corn reaching the 501á silk stage 4.1

days earlier (Table 24a), The difference ín the silking response of

the corn, gror/¡n under conventíonal and zero tillage, to the removal of

the straw cover reflects the relative amount of straw left on the soil

surface follorøing removal. Following seedbed preparation the amount of

previous crop residues left on the soil surface, where Ëhe strah'cover

had been retained, vlas less in the conventional tillage plots than in

the zero tillage plots, buÈ greater than in the conventional tillage

plots where the sÈraw cover had been removed prior to scedbed preparation.

The difference in the amount of residues on the soil surface betrveen
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I^7here the strar¿ cover had been retained and removed Ì./as less in the

conventional tillage plots than in the zero tillage plots and is

reflected in the smaller differences in the number of days to the 502

silk stage. It is considered that as the amount of stra\,ù cover on the

soil surface T¡ras reduced, soí1 temperatures \ùere increased, which

subsequently resulted in earlier silking. when the effect of straw

cover is examined, regardless of the tillage treatment, it was found

that the removal of the stra\ü cover resulted in a significant decrease

in the nuuber of days required for the corn to reach the 502 silk stage

(Table 24c). Removal of the stra\^7 cover from the soil surface of the

zero LíL7age-straight coulter treatment \,/as found to have lncreased the

soÍ1 temperatures compared to where the strarv cover had been retained

(Figures 5 and 6). The warmer soil temperatures observed where the

sËrar,r cover had been removed is consldered to havr: promoted earlier

silking. Delays in silkÍng have been reported in the literarure when

the corn v/as grol'rn in the presence of a straw mulch whích resulted in

1or¿er soíl temperatures (hri11is et a1., 7957 ; Mock and Erbach , rg77) .

In 1981, the removal of the straTr cover did not affect the number

of days required for the corn to reach the 50% silk stage.

Maturity. The relative maturity of the corn aË harvest \.,/as determined

by the percent grain moisture and the grain test weight. The percent

grain moísture was not sÍgnificantly affected by primary tillage,

secorrcary tillage or by the removal of straw cover in either 1980 or

19Bl (Table 24). ln 1980, however, the corn grovrn under conventional

tíllage tended to have a lower percent grain moisture content than corn

gror.rrl under the zero tillage treatments (Table 24b). The tillage x strarü
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cover interaction lras not sígnificant, but it was noted that the conven

-tÍonal tillage plots responded less to the removal of the straw cover

than did the zero tillage plots (Table 24a). Removal of the stra\^/

cover from the conventíona1 tillage plots decreased the percent grain

molsture by 0.3 percentage points, whíle the mean decrease in grain

moisture was 2.6 percentage points \,Jhen the strarn¡ cover was removed

from the zero tillage plots (Tab1e 24a). The greater grain moisture at

harvest observed under zero tillage and also r¿here the stra,$7 cover had

been retained inferred that maturity had been delayed under these treat-

ments. These differences in the percent graín moísture r^7ere not

statistically significant, but the differences \,¡ere nevertheless considered

to be meaningful. Under normal drying conditions 1.7 days are required

for the percent grain moisture to drop by one percentage point (Helgason,

1982). If this relationship held true in 1980, rhen the higher percenr

grain moisture of corn grovrn under the zero tillage-straight ctufter

treatment relative to the conventional tillage-spring tïeatment may

represent a delay in maturity of 3.5 days, while maturity may have been

delayed by 5.6 days under the zero tillage-fluted coulter treatment,

relative to the conventional tillage-spring treatment. The removal of

stra\,/ would also have promoted earlj-ness, allowing the grain to mature

3.2 days earlier relative to r,rhere the straw cover had been retained.

The differences in the percent grain moisture between the tillage and

strav,/ treatments vrere inappreciable in 198i.

rn I980, the conventional tillage-spring treatment had a gïeater

grain Eest weight than either of the zero tillage treatments (Table 24b).

The greater grain test \^/eights indicated that the conventionally gro\rrt
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corn vras relatively more advanced at harvest than was the corn produced

under the zero tillage treatments. The differences in grain test weight

between the tillage treatments were not appreciable in 1981.

Straw removal rvas found to result in greater grain test weights ín

1980, while in 1981 grain test weights did not differ significantly

between stra\^/ cover treatments.

Grain test \^Teight did not differ between secondary tillage treat-

ments Ín either 1980 or 1981.

The greater percent grain moisture content and the lower test

weights observed in 1980 under the zero tillage treatments suggests that

the relative maturity of the corn rvas delayed cornpared to the conventÍona1

tillage treatment. As has been previously discussed, the mean maximum

soil temperatures were reduced under the zero tillage treatments

compared to the conventíonal tillage-spring treatment (Tab1e 19). Lower

soil temperatures are considered to have resulted in the delayed maturity

of the corn grown under Llne zero tillage treatments and also where the

stra\ù cover had been retaÍned on the soil surface. The earliness to

maturity in corn has been reported in the literature to be influenced by

soil temperature (l^lillis et a1., 1957: Iremiren and Milbourn, I979) ,

Plant Dry Matter. In 1980, significant dÍfferences in plant dry matter

!¡ere not observed between the various tillage treatments (Table 29b).

At harvest, however, corn gro\,rn under the two zero tillage treatments

tended to have greater dry weights than corn grown under: the conventional

tillage treatnent. The increase in dry matter at harvest \ras attributed

to greater soíl moisture in the zero tillage plots, Increased plant dr.v

rnatter under reduced tillage has been report.ed ín the literature and has

been attributed to increased soil moj-sture (Moody et a1., 1961; Moody et



TABLE 29. The effect of prlmary tlllage, strav¡ cover and secondary tl11age on the average welght (Sms) dry rnatter per plant.

a. Prlmary Ttllage x Straw Cover InteractLons

ConvenÈlonal T111age-Fa11 x Retained
x Removed

Conventlonal Tlllage-Spring x Retalned
x Renoved

Rotovated SÈrlp Ttllage x Retalned
x Removed

Zero Tlllage-Fluted CoulEer x Retalned
x Rernoved

Zero T1llage-Strelght coulÈer x Retâined
x Removed

Primary Tl1lage

Conventlonal T11Iage-Fal1"
Conventlonal Tf l1age-Sprlng
Rotovated Strlp T111age
Zero TIllage-Fluted CoulÈer
Zero Tlllage-Stralght Coulter

Stfaw Cover

ReÈalned
Removed
L.S.D.

Secondary T111age

None
Interror,r Cult lvat lon
L.S.D.

Treatmenf

b.

c.

Sampllng Date I

lgso (2L) I

d.

0.085
0.105

0.070
0 .091
0.063
0.099

1981 (3)

+

I
2

3

Signlflcant at the 0.05 1evel.
The number enclosed by brackets 1s the number of weeks after planÈJ,ng when planE samples were collected.
Values 1'lthln coltnrms followed by the same letter are not slgnlflcantly dlflerent.
The third sampllng date corresponds to harvest, the welght represents the uelghÈ of the stover less the ears.

0. 105
0.115
0.095
0.078
o.o92
o.o72
0.070
0.070
0.074
0.073

')
0.110 a -
0.086 b
0.082 bc
0.070 c
0,07 3 bc

0.087
0.081
0.022

Sampllng Date 2

l980 (.5L) le81 (8)

15 .32
14.55

2.67 cd 10. 83
3.28 b 9.52

9.40
10.49

2.77 cd 8.7J
3. 18 bc 10. 19
1.92 e 9.4tt
3.71 a 9. 19

0.095

0.080
0.081

0.073
0.098
0.035

Sampling Date 33

1980 (2r) l98l (21)

2.97

2.97
2.8r

2 .45
3. 39
o.64

98. 38
91.42

42.15 91.95
46.55 92 .80

83.01
98.04

49.05 86. B0
48.87 80.31
4r.03 86.60
52.06 8 1 .89

14.93 a
10.17 b
9.94 b
9.t+6 b
9.31 b

r0.74
10.78
2.39

*
11.60
9.92
1 .05

44.35

48. 96
46.54

44.08
49.16
12. t7

45.83
47.40
5. 09

90.52
92.38
90. 52
83. 55
84.24

89. 35
88. 89

2 .00

88. 99
89.25
5.86

oo
Lt¡
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aL.,1963; Jones et al., 1968)

In 1980 at 5r¡ i^/eeks af ter planting, plant dry matter \^/as greater

rdhere the stra\,r cover had been removed than where it had been retained

(Table 29a and 29b). This increase in plant dry matter is considered to

have resulted from vigorous plant growth in response to warmer soil

temperatures where the straw cover had been removed (Table 19). At

harvest, removal of the stralù cover tended to increase the stover dry

weights. A number of studies have shown seedling dry weights to increase

with increasing soil temperatures (Burrows and Larsorr, 1962; Mederski

and Jones, 1963; I,la1ker, 7969; Ketcheson, 1970; Phillips and Cochrane,

7975; Mock and Erbach, f977) .

In 1981, plant dry matter r¡/as found to be affected by both primary

and secondary ti11age, but vras not affected by the removal of the strarn'

cover (Tab1e 29) . At three and eight weeks af ter planting corn gro!,irt

l-under the fall tillage treatment had greater dry weíghts compared to all

oËher tillage treatments examined (Table 29b). Corn grov,m under the

conventional tillage-spring and the rotovated strip tillage treatments

had lower dry weights than those plants gro\,rn under the fa1l Ëillage

treatment, but Èended to have greater dry weights than the corn grown

under eíther of the zero tillage treatments. There \,./as a signif icant

correlation between the number of days from 501l emergence to the time

the dry matter samples were collected and the dry matter at three and

eight weeks (r = 0.70 and 0.60, respectively). This correlation between

emergence and dry matter suggests that those treatments which promoted

earlier emergence allowed for a greater period of dry matter accumulation.

Although not significant, the average stover dry weight at harvest v/as
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lower under the zero tillage treatments compared to all the other primary

tillage treatments examined (Tab1e 29b).

Plant dry matter was reduced by secondary tillage (interroru cult-

ivation) at eÍght weeks after planting, but by harvest no difference in

stover dry matter beti¿een treatments r¡ras detected. The reduction in

plant dry matter by i-nterrow cultivation was consj.dered to have been due

to root damage during the tillage operation and increased soil moisture

loss f rom the interror^r spaces.

Grain Yield. In 1980, the grain yíeld per ear was found to be

significantly affected by both primar), tillage and stratü cover. The

conventional tillage-spring treatment resulted in greater grain yields

than either of the zero tillage treatments (Table 24b). Strarn' removal

increased the graÍn yields compared to where the strav¡ cover had been

reÈained (Table 24c). In L980, no appreciable precipitation was recorded

for 48 days after planting. It r¡as expected that moisture conservatíon

under zero tillage may have resulted in a grain yield advantage over

conventional ti11age. In spíte of the greater soil moisture observed

under zero tillage (Table 16) the grain yields were significantly less

than those obtained under conventional til1age, this suggests that moisture

rvas not the most important factor ín deternining the grain yields in

1980. Moísture conservatíon under zero tillage has been reported to

result in greater yields than conventÍonal tillage under drought

conditions (Jones et a1., 1968; La1, I974).

In 1980, the grain yield per ear was found to be significantly

correlated with the grain test weight (r = 0.75) . The increased grain

test weight may have resulted from a longer grain filling period under
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the conventional tillage treatment. Grain test weight and the number

of days from the 507. si1-k stage to harvest vrere signiflcantÌy correlated

( r = 0.60). As has been previously discussed, rhe number of days to

the 50"l silk stage v/as influenced by the soil temperatures. It appears

Ëhat grain yield may thus be indirectly affected by the temperature of

the soil.

In 1981, the grain yield per ear was not affected by primary tillage

or secondary tillage or by the removal of the strarü cover (Tables 24b,

24c and 24d). Grain yields were markedly greater in 1981 than 1n 1980.

The greater graín yields observed in 198-L may be accounted for by both

timely precipitatíon and decreased plant populations. In 1981, the plant

population per hectare \,vas approximately 43% less than ín 1980 (Table 25).

Grain yields per plant have been reported to decrease with increasing

plant populatÍons (i^Iilley, r9B2). The lower planr populations of 198]

would have been expected to increase the grain yíeld per plant due to

a decrease in the interplant competítion for moisture and nutrients. The

decreased cornpetition betr,¡een plants may have also contributed to the

límíted number of signifj-cant differences observed beLween tillage

treatments in 1981.

Root Growth and Development. In 1980 and 1981, the mean soil temperatures

in the 0 to 20 cm depth under the conventÍonal tillage-spring treatment

r,¡ere 18 .44oC and 18.04oC, respectively, rvhÍ1e under the zero tillage-

straight coulter rreatment the mean soil temperatures were 17.67oC and

L7.g}oC, respectively. It is important to consider these soil tempera-

tures as ít indicates that the rnean soil temperatures under both the

conventional and zero tillage treatments were well below the optimum soil
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temperatures for root growth

and Walker (1969) , 26oc. In

taken no attempt v¡as made to

reported by Grobbelaar (1963) , 2O Lo 30oC,

the two years in which this study was under-

assess the effect of the various tillage

and straw management practlces on corn rooÈ growth and development. In

all the tillage treatments examined, the mean seasonal soil temperatures

were below the 26oC optimum reported by I,Ialker (1969). Those treatments

which resulted in the lowest mean soil temperatures (zero tillage-fluted

coulter, zero tillage-straight coulter, rotovated strip tillage and rvhere

the straw cover had been retained) may have depressed root dry matter

accumulatÍon to a greater extent than under the conventional tillage

treatments or where the straw cover had been removed. walker (1969)

observed that as the soil temperatures T/¡ere decreased below the 26oC

optímum there \.^/as a corresponding decrease in root dry matter. rn the

1980 tillage experiment, the corn gro\^rrì uncler zero tiJrage exhibited

reduced grain yields compared with corn grolrn under convent j-onal ti11age.

Aside from the effects of reduced soil temperature on yield it is also a

possibility that the lower yields may reflect decreased available soil

moisture. Barber (I971) determined that the zone of maximum rooting

under zero tillage \^/as in the surface 10 cm. Greater rooting depths of

corn grown under conventional tillage may have increased the available

soil moisture and thus increased grain yields.

Allmaras and Nelson (1973) have shown root configuration to be

affected by tillage and straTd placement. Their studies using rotovated

strips have shown that root gro\üth was confined to the verticle projectÍons

of the rotovated strip with 1itt1e lateral proliferation. Assuming

that root growth was limited by stríp rotovation Ín the 1981 tillage

experiment, it may be a possible explanation for the lack of success
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with this treatment. Allmaras and Nelson (7973) have implied a relation

-shíp between soil moisture and soil temperature on the effect of mulches

ín the interrow space on root growth. Mulches placed between rows when

soil moisture \,ras 1or¡ and soil temperatures were high reduced lateral

root gro\,rth, while lateral gror,rth was j-ncreased by mulches r¿hen soil

moisture was high and soil temperatures were low. Hígh soil moisture

and 1or+ soil ternperatures (below the 26oc optimum) prevailed in all

treatments in 1981. Differences in root distríbution would not have

been expected in 1981, between the tillage treatments.

Hybrid/Ti1lage Experimenrs

Straw Cover

No measurements were made to determíne the amount of previous crop

residues covering the soil surface of the zero tillage plots. Several

general comments concerníng the straw cover can, however, be made with

reference to the -1"980 and 1981 stralv cover. rn both years, the appear-

ance of the straw at seeding r.7as clean and bright. The 1981 zero tillage

plots appeared to have a greater amount of previous crop resj.dues than

in 1980. The distríbution of stra\,r \,ras more uniform in 1980 than in

1981. Localized concentrations of straw, corresponding to the position

of the s¡¡ath, r^/ere evident in 1981.

Seeding

In 1980, no problems r¡ere encountered when seeding the conventional

and zero tillage plots.

In 1981, soí1 penetration \,/as rnore diffícult under conventional

ti11age, necessitating the application of maximum pressure to the seed
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runs, Ín order to obtain adequate seed placement in the soi1. A

considerable amount of rhairpinningt was noted when seeding the zero

tillage plots. The stra\ü covering the soil surface of the zero tillage

plots vTas not always cut and in some instances it was forced into the

seed runs. I^lhere straw concentrations were high, seed was occasíonal1y

found to be deposited on the soil surface of the zero tillage plots.

Variable seed placement in seeding zero tillage plots has been reported

by McCormick and Mackay (1973).

Hybrid Perforrlance Under Zero and Conventional Tilla

Emergence. The interaction betrveen hybrids and tiflage for the number of

days required for the corn to reaih 50% emergence \^/as not significant in

1980 or 198,1, nor \^7ere any differences noted between the hybrids examined

(Table 30). In 1981, however, the number of days to 507. emergence r^/as

delayed by almost si"x days under the zero tillage treatment as compared

to the conventional tillage treatment. Similar findlngs were reported

in the tillage experiments. lnlhere heavy concentrations of straw occurred,

in the zero tillage plots, emergence \¡/as visÍb1y reduced. I,Jhether the

reduction in emergence resulted from physical limitations imposed by the

presence of excessive amounts of mulch, as those reported by Burrows and

Larson (L961)' or poor seed placement, \ùas not determined. Horvever, it

is speculated that excessÍve amounts of strarv were forced ínto the seed

rows during seeding, as a result good seed/soil contact !.ras not established

Under these conditions the seed may have initiated germination, then

dessícated as the seed row dried.

The interaction between hybrids and tillage for plant populaLÍon



TABLE 30. The effect of hybrids and prlmry tlllage on the days to energence and sllklng, graln nolsture, test uelght ånd yleld at harvest.

Hybrld

Ploneer 3995
Pfckeeed 2lll
Asgrow RX22
Prlde R102
Ploneer 3992
Prlde Rl08
Funke G4065
Plckeeed 2122

T¡eatnent

Tlllage

Days to 502
Eme rgence

Ploneer 3995

Pickseed 2ll1

Àsgrow RX22

Pride Rl02

Ploneer J992

Prlde R108

Funks G4065

Plckseed 2322

conventlonal Tlllage 12.7 16.1* 16.7
Zero Tillage 12.4 21.8 79.2
L.S.D. N.S. t.8 1.8

t980 1981 1980

t2.5 19.4 7t.t d
t2.3 18,5
13.1 21 .4 78.3 c
12.5 18.9 78.9 bc
12.4 19. I 80.4 ab

17.8
12.6 19.3 81.0 a

17.5

Conventlonal Tlllage
Zero Tlllage
Conventlonal T111age
Zero Tlllage
Conventlonal Tlllage
Zero T1llage
Conventlonal Ttllage
Zero T1llage
Conventfonal T11lage
zero Tlllage
ConvenElonal Tll-lage
Zero Tlllage
Conventlonal T1l1age
Zero Tlllage
Conventlonal T111age
Zero Tlllage

Days to 502
silk

I

79.8 d
81.5 c
84 .8 ab
84.5 ab
84.3 ab
83.3 b
86.0 a
84 .9 ab

8l .9
85.3
t.l

78.3
8t.3
80, 3

82.8
82.5
87.O
82.5
86. 5

82 .0
86.5
8t.8
84.8
84.8
87.3
83. 3

86. 5

Slgnlftcant st the 0.05 Leve1.
values wlthin colunns fol.l.owed by thc'same letter are not signlflcantl.y dlfferenL

12.5 r2.0 69.8
t2.5 17.0 72.5
t2.5 ll.8
12.0 18.8
12.5 I3.3 76.0
13.8 16.5 80.5
13.3 13.5 79.0
tl.8 16.8 78.8
13.5 t2.0 79.0
11.3 16.3 8t.8

13. 3

14.5
t2.o l 3. 3 79 .5
I 3. 3 17 .3 82.5

12.8
16.3

Percent Craln
Molsture

1980 l98l 1980

16. 1 35 .4 d 370 .4
37.5 bcd

16.4 36 . I cd 355 .7
l5 . 6 37.6 bcd 355 ,2

39.4 abc
36, 1 cd
42.5 a
41.0 ab

Craln Test Welght
(gms/0.5 lttre)

34 .4 36.9
31 ,t 39.1
N.S. N.S.

33.8 33.4
33.5 37.3

36 .6
38.4

34.9 36.4
38.0 37.1
34 .6 36.3
36 .0 38. I

39. 5

39.2

38. 6
40. 3

44.6
38. I
43.2

l98t 1980

389.3 a 92.52 b
389.9 ab
384,4 a I14.9l a
387.0 a 84.86 b
376.5 bc
374.9 bc
369,7 c
392.8 a

Graln Yleld
(gns/ear)

*364,O 387.3
357.0 378.8
N.S. 5.5

380. 6 394 .2
360.2 384.4

395,2
384,7

359.9 388.5
351.6 380.2
351.5 392.2
359.0 381.7

379.9
373.I
319.2
370.7
372.9
366 .4
396.4
389.J

133.15 f
151.39 de
162.87 bcd
158.73 cd
144 .1 | ef
173.37 ab
I85.44 a
I67.39 bc

167.72
151.54

8.06

t01.34
93. 51

N.S.

100.55
84.48

123.17
t06.05
79.11
90.0I

136.7 4

129.57
168.38 bc
I 34.40
171.58 b
t54 . t5
165.80
151.65
155.20
t14.tl
180.78
166.00
197.85 a
t7 3.02
I 65 .40
169.39

e
e

c
bcd

d
cd

e
b
bcd

b
bcd
bc

\o
l.J
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per hectare v/as not sígnificant, while significant differences between

hybrids Trere noted (Table 31). Pride R102, pioneer 3992 and pioneer

3995 exhÍbited the greatest plant populations per hectare while Pickseed

2111 had the lowest plant population of all hybrids examined (Table 31).

Although not significant, the plant populations per hectare appeared to

be greater under zero tillage than under conventional tillage ín 19801.

Plant populations per hectare were lower under zero tíl-lage than under

conventional tillage in 1981", due to variable seed placement (Table 31) .

Frost Damage. A light frost occurred onfor around June 2, 1980.

Following the frost, plant counts were conducted in each treatment to

determíne the ntrmber of plants exhibiting visible frost injury; r^rater

soaked spots on the leaves, and/or necrosis. The results were extremly

variable and no signíficant differences in frost damage were found

between the hybrids, although some h-rrbrids appeared to have sustained

greater damage; Asgrow RX22 and Funks G4065 (Table 32). There was no

significant interaction between the hybrids and tillage treatments for

frost injury. Plants grovrn under zero tillage were found to have

sustained a greater amount of frost damage (Table 32) . Moody et al.

(1963) reporÈed similar findings, where plants gro\¡)n under a mulch

exhibited a greater íncidence of frost injury. Mulches contain non-moving

air which acts as an insulator, resulting in lorv heat conductivities,

In 1980, two replicates v/ere discarded due Èo severe weed
competition, poor emergence and vandalism (a vehicle having
driven through the plots late in the season). In addition,
due to the poor overall performance of Pickseed 2III, this
hybrid was díscarded part way through the growing season.
As a result of these deletions, the error degrees of free-
dome was reduced, resulting in increased tabular F-values.

L,



TABLE 31. The effect of hybrlds and t11lage on plant populatlon, dry matter yield and gratn yleld per hectare.

Hybrld

Ploneer 3995
Plckseed 2lll
Asgrow RX22
Prlde Rl02
Ploneer 3992
Prtde Rl08
Funks G4065
Plckseed 2322

Treatment

T11 lage

Pioneer 3995

Pickseed 2lll

Asgrow RX22

Prlde R102

Ploneer 3992

Pride R108

Funks G4065

Pickseed 2322

Plant Populatlon per }lectare

ConvenElonal T11lage
Zero T11lage
L.S.D.

Conventlonal. T111age
Zero Tillage
Conventlonal T111age
Zero Tlllage
Conventlonal Tillage
Zero Tlllage
Conventlonal T111age
Zero T1l1aþe
Conventlonal T111age
Zero Tlllage
Conventlonal T111age
Zero Tlllage
Conventlonal Tlllage
Zero Tlllage
Conventlonal T1llage
Zero Tillage

t980

35,269 27,431 abc
19,320

31, 168 25,699 c
41,011 26,702 bc
30,621 30,074 ab

3O,712 a
30, 348 25 ,88 1 c

26,520 bc

Total Dry Matter Productlon
(kes / ha )

20,7 gg

46,588
N.S.

26,247
44,292

18,045
44,292
29,528
52,494
2, lg6

52,493

27 ,gg7
32,809

Slgnlffcant ac the 0.05 level..
Values within columns followed by the same letter are not slgnificantJy ditfer:ent

t 980

32,033
2l ,05I
3,439

35,724
19,l38
25,335
1 3, 305
30,803
20,596
32,626
20,778
33,902
26,246
36,999
24,424
28,980
22,783
3 I ,896
2I ,Itt3

5,067

6 ,497
6,834
5, 096

6,136

3, 985
7 ,863
N.S,

198 I

5,956 cd
4,817 d
7,O78 bc
7,491 ab
8,314 ab
8,886 a
8,4I7 ab
8,554 ab

+
9,222
5,656

965

Grain Yleld
(kss/ha )

1980

3,126

3,499
3,518

4,o59 8,026
6,075 3,995

6,829
2,8O4

4,085 g, 763
8,890 5 ,395
4,914 9,615
8,693 5,367

298 9,441
9,895 7 ,tB7

10,892
6,89 I

6,509 9,826
5,763 7,007

10,383
6,726

3,684 cd
3,037 d
4,237 bc
4,290 bc
4,404 bc
5,382 a
4,869 ab
4,425 bc

5, 351
3,231

622

4,885
2,492
4,261
1,813
5,283
3,190
5,419
3,160
5,263
3,546
6,665
4,Ogg
5,742
3,997
5,29O
3,561

2,340
4 ,421
N.S.

3, 034
3,219

4,l19
2,87 7

3,407
3,628

\.o
N
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whlch may lirnit the rate of release of stored soil heat (Blevins and

cook, -1970). rn the case of the frost damage reported here, stored

soil heat may not have been released at a su.fficiently rapid rate to

Prevent frost injury, due to the presence of the prevlous crop residues

that formed a mulch on the soil surface of the zero tillage p1ots.

TABLE 32. Effect of frost on corn seedlings in 1980.

Hybrids Tillage Percent Frost -

Damaged Plantsl

Pioneer 3995
Asgrow RX22
Pride RL02
Pioneer 3992
Funks G4065

74.25
31 .13
11.63
r4.25
33.88

6.83
35.13
28 .58

Conventional Tillage
Zero Tillage
L. S .D.

,l Significant at the 0.05 level.
1 Expressed as the percentage of sampled plants

exhibÍting visible symptoms of frost injury.

Pfant Height. rn 1980, the interaction betr^¡een hybrids and tillage

for plant height was signifÍcant for only one sampling date, July 16

(Table 33). On this date, Asgrow RX22 was rhe only hybrid to be

signifícantly affected by zero tillage, under zero tillage the plant

heights of Asgrow RX22 were found to be significantly shorter than the

Asgrow RX22 grown under conventional tillage. The interaction betrveen

hybrids and tillage for plant height r"ras not significant on any sampling

date in 1981 (Table 34). rn neirher year was rhe final plant heighr

affected by the tillage treatments, although the differences between

hybrids were significant. rn 1981, with the exception of the final



TABLE 33. The effecr of hybrids and rí1lage on planr hel¡ihts (cm). 19rn.

Hybrids

Pioneer 3995
Asgrow RX22
Prlde Rl02
Ploneer 3992
Funks G4065

Trea tmen t

25.68 ab I
23.77 b
26.45 a
21 .03 c
23.84 b

Conventlonal T1l1age 23.9I
Zero Tlllage 24.20
L. S. D. N. S.

T111age

Ploneer 3995 Convenrlonal Tillage 25.5g
Zero Tlllage 25.79

Asgrow RX22 Conventional Tillage 23.66
Zero Tlllage 23.ggPrlde Rl02 Convenrional Tlllage 26.43
Zero Ttllage 24.6g

Ploneer 3992 Convenrlonal Tillage 21.35
Zero Tlllage 2O.7O

Funks G4065 CcinvenÈ1onâ1 Tillage 24.O5
Zero Tillage 23.6h

June ll June 26

rt

1

SlgnlflcanÈ at rhe 0.05 level.

69.95
6t.96
67. 18
76.65
85.23

84.70
59. 69

N. S.

69 .06
70.83
74.77
49.t5
80.43
5 3.93
97 .38
55.9r

I01.86
68.6i

values Ltlthtn columns followed by the same letter are not slgnlficantly different.

Sampllng DaÈe

July 16

145.94 a
120.35 b
r19.93 b
1u.93 b
123.05 b

*
r2B.8l
119.59

8.47

147.58 a
144.30 a
r32.18 b
I08.5 3 de
I 19.03 cd
12O.43 c
1 I 7.00 cde
106.85 e
128.25 bc

July 23

163.13 I71.85
163.76 193.58
165 .89 188.70
I 55.99 181.23
156.28 r89.43

July 30

16s.07
156.95
N.S.

165. B0
160.45
168.88
158.65
170.48
161.30
157.80
154.18
162.38
I50. tB

August 8

167.90 b
191.68 a
192.23 a
184.75 a

190.68 a

183.8 I
187.08
N.S.

167 .25
168.55
192.85
I 90. 50
r94.25
190.20
175.30
194.20
189. 40
191.95

183.38
186.53
N. S.

t7 L.4s
t72.25
r93. I0
194.0s
188.80
188.60
I 76.00
186.45
187.55
191.30Ir7.85 cde

ro
c¡



TABLE 34. The effect of hybrids and tlllage on plant helghts (cn), 1981.

Hybrtd T{IIage

Pfoneer 3995
Pickseed 2lIl
Asgrow R)(22
Prlde Rl02
Pfoneer 3992
Prtde Rl08
Funke G4065
Plckseed 2322

Trea tnent

13.01 t9.89
t4.99 20.08
13.16 18.89
13.O2 18.8 t
t2.64 18.28
I 1.89 18. l0
t2 .59 20.05
t4 ,23 20. 3 1

Conventlonal Tltlage 15,97* Zl.6g
Zero Tlllage 10.42 16.92
L, S. D. 0.84 2.05

Pioneer 3995

Plckeeed 2lll

Àsgrou RX22

Prtde Rl02

Ploneer 3992

PrIde Rl08

Funks G4065

Plckseed 2322

June I June 16

Conventlonal TlIlage
Zero T111age
Conventlonal T111age
Zero T1llage
Conventlonal T11lage
Zero Tl1laße
Conventfonal Tll1age
Zero Tll.lage
Conventlonsl T11lage
Zero Tlllage
Conventlonal T111age
Zero Tlllage
Conventlonal T11lage
Zero Tlllage
Conventlonal lIllage
Zero T111age

June 22 JuIy 2

25.59 52.69
26.68 5 1.63
24.36 47.29
25.57 49.32
24.43 49.22
23.28 48.50
28.13 52.05
26.84 47.36

* Sfgnlflcant ar the 0.05 leveL
I Val.ues wlthfn colunlìs followed by the sane letter åre not slgnlffcantly dlfferenb

16. 14 23.53
9.89 16.25

16.69 22.28
13.30 17.88
16 .89 2r .63
9.43 16. ls

16.53 2t.O5
9.5 t 16.58

15.15 20.85
9.94 15.70

13.00 18.68
t0.78 17.53
I5.30 22.45
9.88 t7 .65

17.a4 23.00
t0.61 t7.63

Sanpling llate

.Iuly l0 July 20 .tuLy 27

87.56 148,12 178.27
87.75 147.07 r71.97
80.70 144.41 185.51
83.37 138.66 177.13
82.79 r4t.64 t76. 16
86.70 145.72 I86.83
87.85 148.58 179.98
88. l7 t46.72 184.55

29.O9
22.t2

I .68

30. 5l
20. 68
30.24
23.t2
27 .47
2t.24
29.4t
2t.73
27 ,05
21.81

20.74
31.6t
24.65
30.66
23.0t

60.11
39.41
5.88

66.52 1O2.72
38.86 13.19
60.51 94,17
42.76 8 1 .33
58 . l0 92.86
36 .48 68.53
6 r .88 93 .03
36.17 73.71
6r.05 98.08
37.39 67.05
55.62 99.44
41.39 73.95
60.43 99.08
43.68 76.63
56.79 l0I. I I
31 .92 15.23

97.56
71.76
3.24

Âugust I I

193.64 d I

194.90 d
228.70 ab
213.45 c
219,03 bc
213.93 c
225.21 al¡
235.46 a

***t65.42 198.62 220.68
124.67 163.03 21O.40
12.88 13.83 6.10

17 0 .20 t90 .17 1 99 . 08
i26.03 165.77 188.20
161.54 188.18 198.23
r32.60 167.75 191.58
169.07 204.35 232,18
I19.75 166.68 225.23
155.97 t97.50 217.18
12t.35 156.77 209.73
I 65.89 201.44 226,20
lt7.t8 t5t.29 211.85
t69.72 205.O2 224.QO
t21.72 168.64 203.85
161.65 198.01 233.25
135.50 161.95 2t7.t8
I 69. 37 203.67 235 .30
t2l.o2 t65.43 235.63

August 25

193.50 d
I 98.96 c
271,29 a
2r4.65 b
2t8.00 b
214.96 b
217.65 b
232.44 a

22t .45
208.92

N.S.

20I. l3
1 85 ,88
205. 30
r92.63
237 .45
225 . t3
2t6.95
212.35
221 .23
208. 78
23r.00
206,55
226.28
209.03
231.88
231.00

\o
!
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sampling date, the plant heights of corn grown under conventional tillage

were significantly taller on all sainplíng dates than corn grol{n under

zero tí11age. Similar findings were observed in the -1981 tillage

experiment. It should be noted here that the seedbed of the 1981 hybrid/

tillage experiment vtas prepared in the fal1 of 1980, thus the conventional

Èil1age treatment is the equivalent of the conventional tillage-fa11

treatment of the 1981 tillage experiment.

Leaf Production. In 1981, leaf counts \,Jere conducted to establish the

number of photosynthetic leaves per p1ant. Although the hybrid x tillage

interaction T,.¡as not significant for the number of leaves per p1ant,

significant differences between hybrids and tiflage treatments vrere

noted. rn general, those hybrids having the highest heat unit ratings

produced the greatest number of leaves per plant (Table 35). Corn grown

under conventional tí1lage produced significantly more leaves peï plant

than corn gror,ün under zero tillage (Table 35) .

Leaf counts \,'7ere conducted late ín the season, after the lower

leaves had already begun to senesce and may have resulted in some

ínaccuracy as to the true number of leaves produced per p1ant. The data,

nevertheless, suggests that tillage influenced the production of leaves,

through rnodification of soil temperatures. A greater number of leaf

primordia have been found to be inítiaÈed when corn \¡7as gïor,rn j.n r¡arm

soils (Cooper and Law, 7971).
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TABLE 35. The effects of hybrids and tillage on the number of leaves
per plant.

Treatment

Hybrid
Corn Heat Unit

1Katang Tillage

Number of
Photosynthe t ic

Leaves per
Plant

Pioneer 3995
Pickseed 2111
Asgrow RX22
Pride R102
Píoneer 3992
Pride R108
Funks G4065
Píckseed 2322

2750
2200
2250
2350
2400
2400
24sO
2550

9.9r d
10. 09 d
11.00 c
10.29 d
12.76 a
72.50 a
12.36 a
11.53 b

Conventional Tillage
Zero Tillage
L.S.D.

71 .57
10. 89

o .49

* Signifícant at the 0.05 level.
I From: Field Crop Reconunendations for Manitoba, 1980.

Silking' The interaction between hybrids and tillage for the number

days required for the corn to reach the 50il silk stage $/as not found

be significant in either 1980 or 198-1, although dÍfferences betrveen

hybrids and tillage treatments rüere observed. In general, those hybrids

with the higher heat unit ratings silked progressively later in both

1980 and 198-1 (Table 30) . rn both years, the corn gro\,ün under zero

tí11age reaehed the 502 silk stage significantly later than the corn

grovrrl under the conventional tillage treatmenE. fn 1980, silking was

delayed by 2.5 days under zero Lirrage and 3.4 days in 1981, relative

to the time required for the conventionally grown corn to reach the 502

sílk stage.

of

to

Maturíty. In 1980 and 1981, the interaction between hybrids and tillage



i00

for the precent grain moisture and the grain test weight was not

significant (Table 30). Significant differences in the percent grain

moisture at harvest were found between the hybrids Ín L981, r¡ith the

later maturing hybrids (higher heat unit ratings) generally having the

greater percent grain moisture at harvest (Table 30). Although the

percent grain moisture \^¡as not significantly different between corn

grorùn under zero or conventional ti11age, the corn produced under zero

tillage tended to have a greater percent grain moisture. Similar findings

were observed in the 1980 tillage experiment whích indicated that the

corn growrl under zero tíllage matured later than corn grouïn under conven-

tional tillage.

Significant differences in grain test r^reights occurred betr¿een

the hybrids and tillage treatments in 1981. Those hybrids having the

lower heat unit ratings !/ere generally found to have greater graln test

weights (Table 30). The grain test r,/eight was lower under the zero

tillage treatment than under the conventional tillage treatment, which

indicated that corn gro\rn under zero tillage \,ras relatívely less mature

at harvest than \^ras corn grovrn under conventional ti11age.

Plant Dry Matter. The interactlon between hybrids and tillage for plant

dry uatter was not found to be significant in lgBO or in 1981. At harvest,

in both 1980 and 1981, the differences ín dry matter between hybrids rvas

found to be significant (Table 36). In general, the later season hybrids,

those having hígh heat unit ratíngs, produced the greatest amount of dry

matfer per plant.

Plant dry matter at 5 weeks after planting, in l9Bl, was greater

under conventional tillage than under zero tillage (Table 36). The



TÂBLE 36' The effect of hybrlds and t1llage on plant dry rnatter at 5 weeks aft.er plantlng and at harvesr,

Hybrld

Ploneer 3995
Plckseed 2l ll
Asgrow RX22
Prlde Rl02
Pioneer 3992
Prlde Rl08
Funks G4065
Plckseed 2322

Conventional T11lage
Zero Tillage
L. S. D.

Ploneer 3995 Conventlonal Tillage
Zero Tlllage

Plckseed 2lll Convent.lonal Tlllage
Zero Tillage

Asgrow RX22 ConvenËlonal T11lage

Trea tmen È

T11 lage

Dry Matter per Plant
at 5l.teeksl, lg8I

Prlde Rl02

Ploneer 3992
Zero Tlllage

Prlde Rl08 convenrional Tlllage
Zero Tlllage

Funks G4065 Conventlonal Tlllage
Zero Tillage

Plckseed2322 ConventlonalTiltage
Zero Tlllage

0. 34
0.26
0.26
0.26
0. 28
0.22
0.30
o.27

0.36
0. l9
0.06

0 .49
0. l9
0.31
0. 2l
0. 36
0. l7
0. 35
0. 18
0. 34
0.21
0.27
0.t7
0.40
0.21
o.37
0.18

Stover Dry MatEer at
Harvest (Stover - Ears)

(gms)

Zero Tlllage
Conventlonal T111age
Zero T111age
Conventlonal T11lage

I 980

I Weeks after planting,
Slgnlficant at the 0.05 1evel.

41 .49

74.59
62.24

80.60 d

87.64 cd
t 10.54 bc

r 981

Total Plant Dry MaEter
at Harvest (Stover + Ears)

(gms )

16.94 b
3O.72 atl
15.52 b
35,2O att
55.50 a

64.O8
54.80

N. S.

19 80

r49. I 8

213.96
167 .33
14r.44

t66.67

166 .7 4
168. 69

N.S.

44.46
aQ <î

2r.t2
12.05
3. 16

80.20
68.98
67 .58
56.90

213.75 c
239.03 c
275.7t b
273.40 b
275.42 b
288.88 b
32O.66 a
322.90 a

tt
288. 83
263.60

6.78

223.70
203.80
269.72
208. 33
284.91
26t.90
294.O8
257.34
27 I .68
272.68
296.30
281.47
338. 35
302.97
324.95
320.85

198 I

86.97
74.23

t01.34
73.93
13.33

t07.75
r28.27
to5.62
123,48
137 .96
I 15. s2
115.51
t40 .49
t29.95
r 59.55
151.46

t6 I .64
r36.73

229.60
198.f2
L69.O7
165.59
I 15.33
t67 .55

158.08
I 75 .08

O
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increase in dry matter indicated that plants grown under conventional

tillage \rere more vigorous during the early stages of growth. The dry

matter at 5 weeks after planting was found to be significanË1y correlated

t¿ith the number of days from 507" emergence to the time the plant samples

rvere collected (r = 0.55), this suggested that earlíer emergence allowed

for a greater period of dry matter accumulation.

The stover dry matter (stover - ears) was greater under conventional

tillage than under zero tí11age in 1981, a similar trend occurred in 1980

although the difference r,las not signif icant (Table 36).

The total dry matter per plant (stover * ears) was signiflcantly

greater under conventional tillage than under zero tillage in 1981. but

the difference Tras not sígnificant in 1980 (Table 36).

Dry matter production on a per hectare basis was markedly different

between 1980 and 1981 (Table 31). In 1980, the zero tillage plots yielded

approximately 3,900 kg/ha more than the conventional tillage p1ots. The

trend \ras reversed in 1981, the conventional tillage plots yielding

3,500 kg/ha more dry matter than the zero til-i.age p1ots. The difference

in dry matter production per hectare between 1980 and 1981 reflects the

differences in plant populations per hectare (Table 31). Low soil

moisture Ín the spríng of 1980, due to a combination of drought and

excessive soil dísturbance, resulted in reduced plant stands under

the conventional tillage treatments. In 1981, the greatest plant

population per hectare was obtaÍned under conventional ti1lage.

Grain Yíe1d. In L980, while the interaction between hybrids and tillage

for grain yield vlas not sígnificant, the hybrids appeared to exhibit a

differential yield response to Ëi11age (Table 30). Pride R102 exhibited
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increased grain yields under zero ti1lage, while PÍoneer 3995 and Asgrow

RX22 showed decreased yíe1ds under zero tillage compared with conventional

ti11age. fn 1981, the interaction between hybrids and tillage for grain

yíeld was found to be sígnificant (Table 30). Four of the eight hybrids

examined showed significantly decreased yields under zero tillage;

Pickseed 277I, Asgrow RX22, Pioneer 3992 and Funks G4065, rhe four

remaini-ng hybrids did not differ significantly in yield under zero or

conventional tillage; Pioneer 3995, Pride Rl02, Pride Rl08 and Pickseed

2322. There r,las no apparent relationship between the yield response of

the hybrids under the two tí11age systems and the corn heat unit rating

of each hybrid. In all cases, with the exception of Pickseed 2322, graÍn

ylelds tended to be less under zero tillage than under conventiona ti11age.

No references to the differentlal yield response of hybrids to tlllage

were found in the literature. The reductions in soí1 temperature which

occurred under zero tillage rnay have resulted in the differential yield

response of the hybrids observed in 1980 and 1981. An interaction

betr¡een hybrids and soil temperature has been reported to influence the

yield of corn (Jones and Mederski, L963).
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CONCLUSIONS

From the results presented in this study, it is evident that the

degree of tillage is an important factor in the production of field corn

in Manitoba. Zero til-l.age has been shorvn to detrimentally affect the

growth and development of corn. The detrimental effects of zero tillage

on field corn production are manifested in; delayed emergence, silking

and maturÍty, reduced plant populations and rates of plant growth and

lower grain yields. The main factor in determining the effects of. zero

t11lage on corn growth and development appears to be soil temperature.

Lower soil temperatures under zero tiflage are considered to have resulted

in the observed delays in emergence, silking and maturity and the reduc-

tions in grorvth and yÍe1d. Moisture \das found to be gïeater under zero

tillage Èhan under conventional spring tillage in both 1980 and l9gl,

but it did not compensate for the effecËs of reduced soil temperatuïes

on plant growth, development and yie1d. The lower plant populatlons

observed under zero Èi1lage in the L981 hybrid/ti11age experiment resulted

from inadequate seed placement and 'hairpinning'. The row crop planter

used Ín 1980 and 1981 did not have suffÍcient weight to achieve proper

seed placement and the frequent lack of strar^¡ cutting ability, of the

cutting coulters, resulted ín an unacceptible amount of thairpinningt.

The intermediate tí11age treatment (rotovated stïip tí1lage) did

not exhibit any advantages in relation to zero or conventional tillage.

The loose seedbed produced by ,roËovation is consídered to have been, in
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part, responsible for the lack of success with this treatment. under

the rotovated strip tillage and also the zero tillage-straight coulter

treatment, soil temperatures urere f ound to be lower in the interror^¡

spaces than in the seed ror./s, which indicated that minímal amounts of

tillage are capable of promoting soil warming in the seed rorv.

Fa1l conventional tillage was found to exhibit a marked advantage

over the zero tilfage and spring tillage treatments. Fa11 tillaoo

promoted earlíer emergence and silking and the plants exhibited more

vigorous growth. The beneficial attributes of fall tlllage appear to be

related to providing a suitable seedbed for planting and conservation of

accumulated soil moisture. Soil temperature vras not considered. to be a

factor in the success of the fal1 tillage treatment.

Secondary tillage (ínterrorv cultÍvatlon) did not appear to have any

affect on corn gro\Árth, development and yie1d.

The retention of the previous crop residues rùas an important factor

in the production of corn under zero tillage. Removal of the strar^l cover

from the soil surface of the zero tillage plots resulted in an increase

in soil temperatures. Soil temperatures where the stravr had been removed

'!{ere equal to and in some cases greater than those recorded under the

conventional tillage-spring trealment. Straw retention was found to also

affect soil moísture, but only in the surface 2.5 cm. Earlier silking,

maturity, increased plant heights, plant populations and grain yields

were observed rvhere the stra\^7 cover had been removed. The effects of

removing the straw cover frorr the soil surface on crop performance was

attributed to v¡armer soí1 temperatures recorded where the straw coveï

had been removed than where it had been retained prior to seedbed

preparation and planting.
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The eight hybrids examÍned responded símí1ar1y to zero tillage

cropping during the growirrg season, although a differential yield

ïesponse was observed among the hybrids. Four of the eight hybrids

examined \./ere not affected by zero tillage; Pioneer 3gg5, pride R102,

Pride R108 and Pickseed 2322, while the remaining four hybrids yielded

significantly less under zero tirrage; Pickseed 2111, Asgrow RX22,

Pioneer 3992 and Funks G4065. rn general, the later season hybrids

(those having high heat unit ratings) under zero tillage exhibited

greater yields than the early season hybrids (those having 1ow heat unit

ratings) under conventíona1 tillage. rt may be possible, therefor, to

use a late season hybrid in areas where drought conditions or soil

erosion is prevelent, under zero tillage rather than an early season

hybrid under conventional tillage, as long as the average heat unit

accumulation for Ëhe region l¿i11 al1ow the use of a late season hybríd.
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RECOMMENDATIONS FOR FURTHER STUDIES

- If further studj-es on row crops under zero til-Jage are to be under-

taken, it is recormnended that a conrnercial zero tillage rolv crop

planter be obtained, as several problem areas vTere encountered rvith

the modified conventional planter used in 1980 and 1981.

- Further studies using rotovated strips as an alternative to zero

tillage are recoiltrnended. Areas which require further investigation

include the effect of increasing the width of the tilled strip, on

soil moisture and soil temperature and the tining of the rotovation

operation.

- Insuffícient attention was given to the interror¡ spaces of any tillage

treatment examined. The interrow space under rotovated strip tí1lage

accounted for over 851l of the total plot area. Further studies shoul-d

be undertaken to ascertain the effect of the differences in soil

temperature, and possibly soil moisture differences between the ínter-

rort space and the seed row on root growth and development in relation

to the growth and yield of the corn crop.

- In further studies, the need for secondary tillage (interrow cultivation)

should be examined not in context to seedbed preparation but with

respect to v¡eed control on1y.
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APPENDIX TA¡LE l. .Àtnospherlc temperatures and preclpitatlon recorded at the Portage la pralrle fteld statlon, 19g0.

Dåte Max. Mln.

Tenp. oc

I 28.5 5.4
2 30.0 7,6
3 31.1 9.8
4 22.6 7 .6
5 20.1 3.6
6 7.8 -t.2
7 LO.z -1.0
8 13.6 -4.5
9 18.2 3.tllo 9.r o.o

lt 10.6 2.r
t2 9.2 3.1
13 ll.5 -0.8
14 t5,2 2.4
15 21.8 -1.0
16 2r.9 3.1
17 27 .O 10.5
l8 24.8 10.5
19 20.5 13.0
20 3r.7 9.4
2t 32.5 t7.2
22 37.2 22,8
23 34.4 20.6
z4 33.3 13.9
25 32.5 16. I
26 31.7 16.9
27 32.2 15.6
28 29.8 18. I
29 25.A t3.9
30 20.0 L l
3t 2t.3 4.5

Raln
m

Temp. oc

Hax. Mln.

t4.7 5.6
18.3 r.1
24.4 5.6
26.7 15.6
26.t 13.9
l7,2 12.2
17.2 5.6
24 .2 8.9
25.6 10.0
27.2 7.5
33.1 15.0
24.4 r 8,6
22.8 10.8
16.4 10.3
ZO.O Ir ,2
27 ,2 6.7
20,6 11.7
19.4 8.3
23.1 5.8
27.5 12.2
28.3 tt,7
3f.9 t5.8
33.9 16. I
30.6 20.0
22.7 ll.4
18.6 9.7
t6.7 lt.I
15.5 tt.7
22.8 10.8
26.4 12.5

R¡ ln
hh

Tenp. oc

22.2 9.2
29.4 r 3.9
27.5 15.0
I8.6 14.7

0. 8 25 .6 88.9
30.0 r5.6
30.6 9 .4
28.3 11.9
l2 .8 14 .2
30.6 15.6
29.7 16.1

0.5 30.0 t7.3
0.5 14,6 16.1
0.5 15.0 14.2

23.6 I 3.6
24 .2 l4 .4
26.4 13.6
25.5 14.1
2t.9 ll.3
16.9 t3.6
3t.7 r3.3
27 .5 10. 3

0. 1 30.2 t7 .5
25.8 tA.1
22.2 7.5
26.9 10.6
26.4 t2.8
27.2 12.2
32.8 14.2

37 .3 28.9 I 3. 6
29.4 15. I

lfax. MIn.

Rafn
mm

Au gus t

Tenp. oc 
Raln

*-. 
"t* 

m

23.1 8.t

25.6 t4.7
23.3 10.8
24.2 9.2
18.9 ll.l
20.6 13.6
l8.l 10.8
2t.9 1r.9
19.7 ll.9
r9.7 8.9
14 .7 tt.7
21 . | 10.0
23.1 I 3.9
20,3 12.5
22.2 t l,4
25.O 8.1
17.5 ll.4
11.5 Il.4
25.3 9.4
28.6 14.4
20.o 15.8
20.8 13.9
20. 8 10. 3
1? \ la )

28.6 10.3
18. I 10.8
18.6 7,2
21. I 4.2
20.3 10.3
19.2 lt.7
20 .6 I0. 3

21.1 9.2

4.8

1.9

6.7

4.3

0.8

Sep tenber

Temp. 
oc

20.0 8. 3

21.4 13.3
22.8 I 1.7

37.6 28.9 7.8
23.3 10.3
28.8 7.8

10.1 35.8 8.9
4.6 26.7 ll.9

19.2 6.7
26.7 12.2

0.7 zl.t 8,3
1.5 t2.2 9,4
3.1 l8.l 7.2

19.2 11.2

t7.2 5.6
10,0 3.6
4.2 1.9

26.9 9.7 -1. I
6.4 2.5
9.7 1.6

88 .9 t2.5 7 .8
10.6 t.7
8.3 1.1
8.1 4.4
8.3 0.8

o,4 15.0 t.7
14 .2 -0. 8
24.4 5.3

0.6 t7 .2 8. 3

25.8 7 .1

Håx. Ì'lln.

23.5 to .7 39 .7 26 .9 1i.2

Ra ln
nm

Temp. oc

0ctober

i7.8 5.6
6.1 2.2

11,1 1.9
8.4 r1.7 -0.6

18. 9 3.6
2t .7 3.6
25.6 7.8

13.2

1.0
t4 .2

1.4
1.1
6.4

to.2

l 4

0.1

Max. Hfn.

Raln
m

20.8 2.1.2 l1.l 175.0 17.3

|,11
I.9

5.9 57 ,5 16. I 3.7

5.



¡\PPENDIX T^BI,E 2. Atmospherfc temperatures and preclpltatlon recorded at

May June July

Date Hax. Hln.

Ternp. oc

I
2

3
4
5
6
7

I
9

l0
ll
l2
l3
Ltl
l5
l6
t7
l8
19
20
2l
22

z4
25
26
)1

28
29
30
3l

r5 . 7 -2.4
t9.2 8.9
It.8 3.6
l'2 o'l

13.7 - 3.8
t8.4 -2.2
20,6 3.0
15. I -1.2
8.7 -4.2

t2.t -0.5
17.2 4.t
20.1 0.3
2t.8 -0, I
22.9 1.8
15.0 6.0
18.0 3.0
22.0 4.0
25 ,O 3.0
27 ,O 2,5
29.5 9.0
30,4 10. 6
19.2 t4.2

7 .3 5.3
8.9 6.8

14.2 8.2
21.0 12.0
20.o 9.0
24.O I t.9
15,2 7.O
18.8 2.5
22.0 I 1.0

Ra ln
m

Tenp. oc

2t.o 11.0
23.4 5.7
27.2 6.8
19.8 14.0
24.0 12.3
23.2 ll.9
22.4 13.9
18.9 10.0
19.0 9.0
18.7 8.0
20.7 9.5
19.7 8.0
20.0 13.6
16.0 12.8
12.8 '9.3
24.1 7.O
20.0 11.4
16.7 9.4
20.2 8.7
21.8 9.5
19.3 8.8
19.5 12.O
20.0 9 .5

28.7 23,0 I 1.0
23.5 12.5
26.4 10.0
27.4 15.6

8.1 22.t 13.5
25.O I1.8
25.O t4.7

Max. Mln.

Raln
m

Temp, oc

28.5 17.8
25.3 t7.2

12.4 -.28.0 15.0
31.0 15.9
29.8 17.0
38.0 15.0
33.6 23.O

4.6 25.O 17 .7
3.8 28.9 13.7

27.7 13.0
25.2 14.6
28.3 16.3
30.6 15.0

t9 .7 22.9 I 7 .0
8. l 23.2 t7.l

2t .2 14 .8
8.4 23 .8 t4 .0

26 .0 14 .8
0.6 27,2 i6.0

20.5 15.8
22.8 8.8
22.4 10.1

4.4 27.8 14.0
19.2 13.4

1 .7 20 .o 8.7
23.3 6.0
26.8 10. r

9.4 26.O t3.7
25.t 15.3

15.7 27 .2 16.7
22.4 15.0

Max. ¡f1n.

Raln
m

the Portâge la Pralrle fleld statton, lggl

Temp. oc

23.2 I r.6
24.4 r4.0
23.0 t4.2
33. 5 t4 ,6
21.0 t7.7
24.5 t7 .6
2A.l 16.0
2t.4 t6,6
22.9 I 1.3
28. I t3.9
3t.4 I7.0

3.6 24.9 14.3
32. L l4 .8

0.1 22.8 12.0
19.3 2l,O 10.0

23.O 6 .8
29.6 13.0
28. I 13. 6
28.7 t4.9
26.3 14.1
25.6 16.9
26.0 th.rt
24 ,3 18. 4
26.9 17 .9
25.8 16.7
26.5 I 7.0
26. I l2 .4
25.9 t2.0

0.9 28.4 12.9
25.6 29.7 13.3

19.0 6.1

August

Hax. Hin.

17.9 4,3 36.8 2t.4 t0.4

Raln
m

September October

lerp. oc

19.0 6.1
23.9 10.8

6.6 15.3 7 .7
0.1 20.0 3.2

55.9 23,2 t3.2
18.8 14.7
zt .9 10. 1

27.O 17.0
1.3 26.O 14.L

31.4 10.4
24.8 12.5
23.8 14.0
2l .t 8.2
18.3 7.4
t4,2 5.4
20.1 7.1
18.8 4.I
23.t 10.9
19. r 6,0
t8.9 2.8
16.1 9.1
t4.0 1,1

t4.2 12.0 5.5
22.2 t.7
17.6 3.4
14.9 3.1
8.3 0.6
t.3 -0.7

10.4 0.2
4.6 6.8 3.5

Max. Mln-

Rain
m

88.8 26.t 14.6 49.5 25.9 14.1

Temp. oc

Hax. Hln.

9.7
12.0
8.5
9.0

10.0
12.9
12.1

Raln
m

ta

4.1
4.8 25 ,9
6.9
2.9 0. 5

3.5

1.3

82.7 18.4 7.3

29.0
¿.8
0.5
7.9

43.5 10.6 1.6 25.9

H
Ln
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APPENDIX TABLE 3. Supplirnentary nuËrienËs.

Year Nitrogen
(kes/ha)

Phosphorous
(kgs /ha)

Potassium
(kes/ha)

19 80

19 81

40

96

50

J4

40

0



APPENDTX TABLE 4. I^Ieed and Insect control practices for the i9B0 tillage experimenr.

Date

May 9

May 15

June 5

June 9

June 10

Treatment

Eradicane

Banvel + 2,4-D

Roundup

Atrex-plus
Dowco 290

APPENDIX TABLE 5.

Application Method

Date

Preplant Incorporate
Post Emergenc-e

Directed Post Emergence

Post Emergence

Post Emergence

Sept. 1 1

Sept.29
May 5

May 27

June 9

weed and insect control practlces for the 1981 tillage experiment.

Treatment

2,4-D * Dowco 290

Roundup + 2,4-D

Eradicane

Decise

Atrex-p1us

5.0 kelha

350 mt/ha + 425 g,/ha

I.12 ke/ha

2.8 kelha
0.4 ke/ha

Applicatíon Method

Rate

Fal1 Preplant

Fall Preplant
Preplant Incorporate
Post Emergence

Post Emergence

Conventíona1 Plots Only

Comments

0.45 kg/ha

l.12 kelha

5.0 kg/ha

20.O glha

2.8 ks/ha

Rate

+

+

0.3 kg/ha

0.4 ke/ha

Comments

Conventional Plots 0n1y

F
!



APPENDTX TABLE 6. I^leed and insect control practlces foi the 1980 hybríd/tillage experiment.

Date

May 9

May 15

June 5

June 9

June 10

June 1l

Eradicane

Banvel + 2,4-D

Roundup

Atrex-plus
Dowco 290

Interrow Cultivation

Treatment

APPENDIX TABLE 7. Weed and insect control practices for the 1981 hybrid/ri11age experiment.

Date

Application Method

May 5

May 13

l{ay 27

l{ay 27

June 10

July 14

Preplant Incorporate
Pre Emergence

Directed Post Emergence

Post Emergence

Post Emergence

Eradicane

Roundup

Atrex-p1us

Decise

fnterrow Cultívation
Paraquate

Treatment

5.0 kg/ha Convenrional plots
350 rnl/ha + 425 g/ha

l.12 ke/ha

2.8 kelha

0.4 ke/ha

Conventlonal Plots

Rate

Application Method

Preplant Incorporate
Pre Emergence

Post Emergence

Post Emergence

Directed Post Emergence

Comments

Rate

5.0 kg/ha

3.4 ke/ha

2.8 kelha

20.0 elha

2.25 Llha

Conventíonal Plots

Comments

Conventional Plots
Zero Tíllage Plots

co



APPAÐlt TAILE 8. 9otl bult dÊnaltl"r (gu/cc) rt 2.5 c! under varlous tlllaSe and atræ Enageænt prrctlcea, lgEO.

CmwDtlon¡l llllrtÊ-SprlnB
ZGro llllllc-lluted Coulter
Zero TlLlrSc-St¡rlBht Coultcr

Prlurt Tlllr8c

lrc!tËnt

Cmwntlon¡l lllht"-Sprlnt Rètrln"d
Remved

Z.ÌoTtlkstsflutrdCoulter Retetned
Rræved

Zrrc111lr8c-gtrrlBhtCoultG¡ Retalned
Iercved

Strrv CoEr Hry 13 June 23 July 2 July 9 July 15 AuBust I

0.860 0,868
0.736 0.891
0.749 0.981

Retrtncd 0,753 0,ß23r
Re¡ved 0. E l0 o.972
L.S.D. 0.305 0. lO8

r glgnlflcânt at ìhc 0.05 lcwl

ÀPPEtlDlX l lLB 9. Sotl bulh denrltleo (gr¡/cc) st 5.0 ctr under varlous tlllage and atrry EnsSeoent pracrlcesr 1980.

CmEntlonil llllr¡e-sprtnS
Zcro Tlllc8e-Flutêd Coulrcr
Zero llllo8ê-Stralght Coulter

0.837 0.881 0,883 0.858
0.889 0.948 0.917 0.862
0.863 0.950 0.910 0.920

0,861 0.c17 0.907 0.854
0.866 0.915 0.913 0.906
0,092 0,058 0.013 0.122

0.8 I 2 0.844 0.869 0.8 I 6
0.863 0.919 0,897 0,900
0.870 0.998 0.861 0.8s2
0.856 0.902 0.958 0.94c
0.90t 0.971 O.9ql 0.855
0.878 0.925 0.884 0.869

0.r98 0.758
o.922 0,978
0.611 o.a72
0.884 0.990
0.848 0.81ú
o,624 0.9¿8

Prlrrt lflkge gtrâr Covcr Hry

1t€!tEnt

SaFplln8 Date

CmEntlonÁl 1tl1âBe-SprlnS

Zcro lllla8FFlutcd Coulter

Zero Tlllagc-Stral8ht Coulte¡

r Slgntffcant rt the 0,05 level.
I Valuee slthln colu@a followed by the ssæ letter are not sl8nlflcanrly dlfferent

Au8uot 15 Außurt 29

o.427
0.769
0. 790

0.795
o,796
0.150

o,824
o.829
0, 840
0.741
î.7 2t
0.81 7

Retâlned 0.960 O.752
Reæved 1.012 0.970
L.S,D. 0.245 0.070

0,9t8
I .001
t .037

June 23 July 2 July 9

Reráfned 0.88¿¡ 0.785 0.871 0.995
Reæwd 0.951 0.945 0.859 0.898
Rctotned 0.971 0.7¡9 O.861 1.092
Reæved l.Ol0 l.0ll 0.957 t.020
Retalned l.ol8 0.154 0.947 1.044
Reæved t .056 0. 954 O, 896 I .095

0. 866
0. 866
0. 854

0.874 0.861 0.859
0.898 0.861 0.878
0.90t 0.886 0.866

0,874 0.865 0.852
0.908 0.864 0.883
0,090 0.043 0.019

Scpterbcr ó

0.865
0. 910
o.92t

9c¡¡on¡1
llêan

0.927 b
1.056 !
1.069 e

0.891 l.0lo
0. 90¿ ¡ .004
0. 104 0. 09 3

0.864
0. 883
0. 898
0.905
0,860
0,936

Sanpllng Dâte

July l5 August I

0.872
0,902
0.928

o,s0t
o. 899
O.lt 7

0.821
0.864
0.892
0,884
o.882
0.84{

0.857
0.868
o,872

0.858
0. 871
0. 015

0.823
0.895
0.860
0.897
o.874
0.858

AuBuBt l5 Au8ust 29 Septe¡ber 4

0.880 0.8¿8
0.861 0.ß66
0.858 0.85 I
0.946 0,886
0.968 0.fl76
0.889 0.868

o.414
O.92t
0.884

0. 879
0.9 l0
0,096

o.872
o.877
o. 886
0.961
0.877
0. 891

0.845
0.895
0.861

o.818
0. 896
0.0 i8

0,805
0. 885
0. 898
0.8e1
0,813
0.909

0.865
0,908
0. 9lo

0.883
0.906
0. l2l

0, 864
0.865
0.88 I
0.9:t6
0,901
0,917

Sca¡onsl
l{een

0.816 b
0.926 a
0.926 a

0,888
0.911
0,051

0.861
0.890
0.891
0.960
0,91 I
O.9t12

\o



AppElIItlI TA¡LE 10. Soll bulk denaltle8 (gEs/cc) at l0.O cn under varlou6 llllaBe and Btr6e nanaßerent prsctlceÊ, 1980.

Conventlonrl TtlhSe-sprtnt l.lo2
ZGro ltllc8c-llutêd coulter 1.045
Zcro lllll8FstrrlSht Coulter 1.128

Retafned 1.069
Rercved l.ll5
L.S.D. 0,22(1

Prlsry Ttllagc StÌav Cover ¡tay 13

lrcôtænt

Convrntlonrl llllaSe-SprlnB Retalned
Reñved

Zrrollll!8c-FlutedCoulter Retsln€d
Rercved

Zcro 1ll118c-StrrlBht Coulter Retâlned
Rercved

r Slgnlflcant at the 0,05 level.

APPENDIX l BLE ll, Sotl bulk densltles (gu/cc) st 20.0 cn under varloua tLlld8e and atrN mna8enent pr6ctlceB' 1980.

June 2J Jùly 2 JuIy 9 July 15 Außust I Au8ust 15 Außu8t 29 SepteEber 4

0.881 0.904 l.l14 1.020 0.952
o. c90 0 .966 I . I t6 0.996 0.958
0.949 0.956 l. I 12 0.c98 0.947

Conventlondl ltllage-Sprlng l. I 76
Zero TlllâBe-Fluted Coulter l. I 76
Zero llllaBe-Stral8ht Coulter l. I l0

0.819 0,915
1.042 0.c/¡9
0.153 0.115

o.'167 0.871
o.99C 0.935
o-861 0.976
l.lt9 0.c57
o.888 0.957
l.noc 0.955

PrlMry llllate Strsu Cover Hay 13

1.071
l , t 33
1.061
1.029
1.o14
1.181

Tre6trent

SamDllnR Date

l. I 19 0,981 o.9l¿
l.t2\ 1.028 0.971
n.ogl 0,070 0,072

l. I 35 1.025 0.s58
1.091 1.015 0.947
t.t54 o.c]5 0.928
l. I lc 1.058 0.988
1.068 0,986 0.914
l. t56 l 0lo 0.97q

Conventlonal Tflla8e-SprlnS Ret6lned
Rehoved

ZeroTlllag€-FlutedCoul¡er ReÈaIned
Rcñoved

Zero Tlllaße-Stralght Coulter Retâfned
Removcd

I slBnlflcsnt ãÈ the 0.05 level.
I v6lueß plthfn colums folloged by the eame lettet

0, 907
o.972
0.965

0,9r5
0.982
0.094

o,872
O.9t z
î.929
l.ot5
o, 941
0. 988

Ret¡lned 1.126 0.884
Renoved 1.195 l.ll3
L.S,D. O. t69 o.Otl

.lune 23 July 2 July 9 July l5 
^ugust 

I

0.952 0.941 0.958
0.926 0.9¿8 0.993
0.941 0.902 0.989

I

0.991 t.024 l. I t0 0.982 0.988
1.0-r7 1.009 t.t22 0.91ì2 0.957
0.966 0.996 L l0l 0.966 0.957

0.936
o.942
0. 051

I .007
0. 896
0. 887
0.96(
0.915
0.967

l.li,0 0.881
1.202 t. lot
l. I3(¡ 0,9¿9
t.216 t.124
1.091 o.a22
l.lfì7 l. I l0

Seaaoncl
I{ean

1.026 1.t08 0.946
0.991 l. I 16 1.007
0. il6 0.104 0.071

Sampl lng Date

0.892
0.970
0.05 I

0.920
0.966
o.9l 7

0. 980
o.8(0
0.964

1.026 I . t08
1.021 l.ll2
1 .051 L l¡¡4
0.965 I . l{'l
I .000 l. 07 I
0.qq] l.t1¿

0,958
I.OIÁ
0.04 7

0,959
0.992
0.96 I
L025
0. 954
1 .021

sre not slBnlflcnntly dlfferent.

August l5 Au8uat 29 Septe¡ber 4

0.9s2
1.012
0.955
1.o09
0. r)il
I .000

o. 960
0.975
0,140

0. 965

1.0t2
0.957
0.95t,
0. q58

0.957

t.0t8
O.9t 4
0.987

0.97 I
0.99 5

0.047

0.979
L057
0.9t6
0.9t3
I .020
0.955

0.961 0.975
0.991 0,984
0.92 I 0.951

0.941
o.917
0.021

0. 950
0,976
0.997
0. 989
0.876
0.967

Seaeonal
llea n

-----------1
1.029 r
1.021 a
0.998 b

0.99ô
t.019
o,122

0 ,998
1.053
¡ .007
1 .019
0.971
1 .024

0.96l
0.978
o, t22

0.967
0, 981
0.951
t.ol5
0.970
0.916

H

O



ÀPPENDTX rABLE l2' sotl bulk denaltles (s'/cc) st 2.5 cn under varlous rtrla8e and Btrav MnaBe*nt practrces, l9g¡,

Convent lof rl Tt ll6Be-l! 1l
Conv€nt lonrl lll l!Be-Sprtng
Rotovatcd Strlp Ttlla8e
Zero Tllllgc-Fluted Coulter
Zero Tlllrge-StralSht Coulter

Re ta lned
Rercved
L.S.D,

Convcntlonrl ltllage-Fatl Ret6lned
Remved

Conventfon¡l llll6ge-sprlng RerElned
Rehoved

Rotovoted Srrlp Ttlla8e Rer0tned
Rehoved

ZeroTlll6ge-FlutcdCoulter Ret6lned
Removed

Zero Tll16ge-Stralght Coulter Rernfned
Remved

Prlury Tlllaße StrÀe Cover

PrlEry Tllla8e

llay l3

r Slgnlflcrnt at the 0.05 level.
I Valæs slthln colms folloved by the caoe

0.879
0.896
0.874
o .880
0, 861

Hay l9

o.9t2
0.9t6
0. 891
0. 921
0.887

o.844 0.892 0-8s8
o.912 0.920 0.861
0,061 0.t21 o.os6

Hay 26

0.8 t0 bl
O,904 a
0,838 b
0.840 b
0.8¿¡9 b

0.863 0.905
0.895 0.9t8
0.854 0.9t I
0.9:ì8 0.921
0.850 0.8 7 l
0.899 0.91 l
0.814 0.900
o.921 0,94 1

0.818 0 870
0.901 0.904

June 2

Sohpl lng Dare

0.86t 0.837
0.896 0.859
0.856 0,8 t 9
0.849 0.81 7

0.864 0.844

0.846 0.8 12
0.881 0.8t8
0.060 0. t08

0.8 l9 0.869
0.882 0.804
o.9l I 0.tr5l
0.882 0.865
0.806 0,817
0. 905 0. 82 I
0.801 o.790
0,897 0.8/¡4
o,872 0.811
0.856 0.857

June 9

0.851
0 .890
o.922
o.886
0.854
o.422
0. 814
o .846
0.828
0.870

.Iune 2J

letÈer are not slgnlflcåntly dffferent.

0.865 0.888 0.981 o
0.879 0.896 0.913 b
0.889 0.9t4 0.916 b
0.891 0.870 0.902 b
0,898 0.901 0.9t5 b

0 .875 0, 885 0. 928
0.894 0.901 0.918
0.031 0.064 0.028

0.855 0.870 0.968
0.875 0.906 0.993
o.rJ80 0.879 0,952
o.879 0.913 0.9t5
0.871 0,883 0.921
0.906 0.946 0.950
0.876 0.8trl o.8e7
0.910 0.880 0.907
0.894 0.912 0.907
0.902 0.870 0.924

July 7 July 28 Auguat l0

0,911 b 0.891 sb
0.980 a 0.907 a
0.926 b 0.881 b
0.954 ab 0.881 b
0,952 sb 0.886 b

0.9(6 0.878r
0.952 0.90 I
0,090 0.0 ¡ 6

0.914 0.882
0.948 0.90t
0.997 0,907
0.964 0.907
0.925 0.867
0.927 0.899
0 .948 0. 860
0.96 I 0.90 I
0.94( 0.877
0.960 0.894

Seanona I
Hean



APPENDTI ÎA¡Lu 13' sotl bulk den8ltlea (g¡e/cc) at 5.0 cn under varloua tlllage snd atrse unageænt practlces, l9gl.

Conrcntlm!l ltllage-Palt
Convêntlon.l 1l ll!ge-sprlng
Rotovãted Strtp Tllla8e
¿erc Ttll!t"-Flut"d Coulter
Zero Tll16g€-5tr6lßht Coulter

Prlury 1111e¡e Strau Cover

lrertænt

ConvÈntfonrl Ttllage-Fall

Conwnt lonrl Tlllrge-Sprtng

Rotovrtcd Srrlp ltllaSe

Zcro Tllla3e-Fluted Coulter

Zero llllage-Strôfght Coulter

0.931 0.945 0.89¿ 0.865 0.853
0.905 0.935 0,919 0.894 0,8690.883 0.896 0.907 0,862 0.840
0.9 1 7 0,9 10 0.900 0.846 0,85 70.898 0,9t8 0.ß99 0,908 0.865

netelned 0,890 o,gtt 0.BBB 0.879 0.850Remved 0.924 O.giZ 0.927 0.870 0.8t54L.S.D. 0.093 0. l4l 0.058 0,044 0.010

Hay 13 tlay 19

I V¡læa elthfn columa folloved by the sare letter are not sl8ntftcantly dlfferent.

Retalned 0.894 O.9A7 0.866 0.850 bRercved 0.968 O,94J O.c22 O.8Bl ábRetâlned 0.867 O.9lB O.gt6 0.908 abRemved 0.944 0.9it O.9ll 0.880 abRetalned 0.891 0.916 0,871 0.86l ahReeved 0.875 0.826 O.S4l O.B6t ¡bRetalned 0,915 0.917 O,886 0.826 bRercved 0.918 O.|AZ 0.9t4 0.g66 abRetalned 0.881 O.B7O O.BZI 0,951 aRe@ved 0.9t5 0.961 0.915 0.863 eh

ttay 26 June 2

SãhpllnB Date

.lune 9 June 23

0,926 0,94t LO07
o.921 0.902 0.913
0.920 0.870 0,963
0.92t 0.891 0.999
0.950 0.906 0.967

0,929 0.894 0.981
0.929 0.9t2 0,967
0.056 0.071 0,098

July 7

o,882
0.824
0.875
0.861
o. 846
0. 815
0. 814
0.881
0.8t'!
0,9t8

July 28

o.922
0.930
o.9û4
0,909
0.920
0.920
0.911
o.9to
o,926
0.975

AuSust l0

0.998 0.929 r
0.961 0.918 ob
1.006 0.90t b
l.O2l O,921 !b
0.991 0.923 ab

0.98q 0.913
l.003 0,925
0.055 0.028

0.916
0.967
o. 90¿
0, 901
0.860
0,881
o.879
0. c08
0.9t2
0,90 t

See aonal
Hean

1.028
0.986
0.9l5
0.930
0.983
0.94 l
0. 999
l.o0l
0. 960
o,975

0.979
I.0r8
0. 961
0.961
0.998
1.0t4
1.02t
L024
0.986
0.995

0.920
0.938
0,920
0.9t7
0.905
0.906
o.9t2
o,929
0.908
0. 917

H
Ir.J
N)



APPET{Ilrx TABLE lA' sotl bulk densltlet (gË/cc) Bt lo.0 cm under varioua tlllage and atras Danageænt practlces, tggl.

Conwnt lon¡l llllcac-pa! I
Conçotlonal 1l llaBe-SprtnB
notovrted Strtp Ttll!8e
Zcro llllrtc-Plutcd Coultèr
Zero Tlllata-Stral8ht Coultêr

Re talned
Rercved
L. S. D.

Conrcntlonrl Tlllagc-Fall Retolned
Remwd

Conventlonrlllllag.-Sprlng Retalned
Reæved

RotovrtÊd Strtp Ttll!8e Retáln€d
Rercved

ZeroTlllßge-PlutedCoulter Retatned
Rercved

Zero TlllsBe-Stralght Coulter Retálned
Rercved

P¡lurt Tlllrge

1rc8ÈEnt

Strau Cover ttdy l3

I Values elthtn colFs follded by the aaæ letter are not slgn.lflcantly dtf ferenr.

o.9t 3
0,95 5
0. 915
0.994
0,9 i0

o.926
I .004
o.160

0. 960
0,986
o.819
1.012
0,898
o.9il
0,971
l.ol8
o.925
1.016

Hay 19

I .049
0.99t
0.985
1.018
1.023

l{ay 26

0.948
0.963
0.960
o.921
0.913

1.014 0.915 0.97t
1.02t 0.968 0.942
0.043 0. I to 0. t4l

June 2

1.013 a l
0,966 b
0.909 b
0.917 b
0.955 âb

SaùpllnB Date

I .052
I .0¿6
l.ot 7

0. 966
0.973
o,977
0. 986
I .089
l.Ot 2

I .004

June 9

0.931
0.964
0. 890
o. q0¿

o.922

o.912
o.9'12
0.074

o. 965
o. 8c8
0,974
0.954
0.859
0.921
o.884
o.92t1
0.88 I
0,963

0.9t5
0.980
o.987
0.919
O.91tt
0. 986
0.8s0
0.955
0, 848
0.978

June 23

1.022 0.991 1.077
1.0t2 0.915 1.028
0,e91 0.946 0,995
o.987 0.948 t.046
1.020 0.949 1.053

0.996 0.94 I 1.o42
l.ot7 0.957 1.037
0.019 0.029 0.036

L O{0
0,987
o,912
0.960
0.9t8
0.901
0.955
0.919
0. 969
0.9¿l

July 7 July 28

0.999
I .046
l.ol3
0. 991
o.996
1.0t6
0.9154
l.oo9
l.ol9
1.021

¡lugust ¡0

1.076 1,009 ¡
1.0t0 0.981 b
1,016 0.958 c
t.051 0.983 b
1.069 0.986 b

t.058 0,975
I.019 0.992
0.058 0. t 15

0.934
t.052
0.902
o.929
o.917
0.914
o.9l 7

0.980
0.987
0,910

S€ ã sona I
Hedn

1.066 ab
1.088 a
1.056 ab
0.999 b
0.9c4 b
o.995 b
l.0lú ab
1.079 6b
1.079 6b
1.O25 ab

I .066
1.085
1.040
t,02t
| .o24
I .008
1.077
1.025
I .084
1.055

0. 999
l.ol9
0.984
o.97 7

o.9\2
0.965
o,962
I .000
0. 982
0.990

(,)



^ÞPENDlx 
l ELE l5' soll bulk denaltles (gu/cc) at 20.0 cE under varroua rrrrage and atr'u nanagenent practrce', r9gr.

Convlntlontl Tf 1I€8c-psll
ConEnt lonsl Tlllagc-Sprlng
Rotovrt.d strtp T! tl€ge
Zero ll.lla¡e-Pluted Coulter
Zero llllrSe-Stratght Coulter

l(e ta I ned
ReEoved
L.S.D.

Conventlmrl TlllaSe-Fall Retelned
Reþoved

Conventlonal ltllage-Sprfng Retdlned
Reæved

Rotovrted Strlp llllate Retatned
l{ehoved

Zero Tflla¡e-Fluted Coulter Reralned
Renoved

ZeroTlllnge-StralBhtCoulÈer Retalned
Rercved

P¡lEry T I tla8e

Treá tænt

Straú Cover Håy lJ

r Stgnlffcant dt the O,O5 l€vel-
I Yaluee etÈhln coluE8 follæ€d by Bsæ letter áre not afßnlflcantly rllfferent.

o.922
1.049
0.975
l.0ro
0.991

Hay l9

r.ool
0.978
1.017
| ,O2t
l.of7

0,98J 1.002
1 .024 l .Ol l
o. I l2 0.051

I .000 0.98¿
0.9¡t I | .oLt
l.oJ4 t.o29
1.061 0,92s
0.952 LOl6
0.999 1.0t9
0.968 l.r,l I
l.o5.l l.ot7
o.96 I O.9t 4

l.o¿2 1.o59

llay 26

0 .999
o .971
0.964
0.989
o .964

o .996
1.018
0.951
I .004
0.981

Sshpllnß Date

0,9)4 0.986
1.001 t.002
0.068 0 .064

June 9

0.950
o .927
0 ,912
0 .919
o. 969

O,97t
1.056
0.985
0.970
o.9J4
0 ,994
u.9 t4
l.oo4
0. el5
o .99',ì

June 21

1.050 ab
1.015 bc
1.001 c
1.060 6
l olj 6bc

o,919 t.029
0.948 I .015
0 .04 2 0. 0n2

U.9t7
1.0¿4
t .056
I .020
0.959
0.94(
o .999
I .009
0.9)l
I .015

July 7 July 28 Außusr lO

1 .020
0.990
0,959
t.ol5
o.971

o.94e
0.95 I
O,9t ¿

0.91r
o.945
0.e19
o.,r¿5
0.991
0.91I
o .962

1.070
l.ol7
1.062
l.or5
I .085

I .028
1.071
l.{)25
l u04
1 .014
0. 969
| .013
r.05l
¡ .046
1.o74

o,975 1.056
LOt7 l. o75
0.054 0.081

l.l l0
I .082
1.067
l.07l
I .084

0. 9r,4
I .076
0. 968
l.ot2
0.94 I
0 .9 7rì
I .O42
1.029
t .962
0.992

Seaaona I
l{ean

1.021 o
l.Ol0 eb
0.992 b
L021 a
I .012 ab

I .O12
l 068
1.025
1.05u
l 0.r2
I .091
1 .060
l.o9t
1.09(
| .o77

I.079 l.oolr
1.087 r.023
0.0J7 0.0t9

l.lll
I.107
¡. 081
1.08t
1.04u
1.086
r .054
I .092
l' 096
1.o72

I .005
1 .040
1.0t6
I .004
0.9ù5
0. 999
1 .007
1.040
0. 992
l.or0

NJ
s..


